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CPU coolers and boosters 


faster and cooler with just software 


Making the computerrun  yieysee 
faster is probably every 3 OS ee eee 4 
user’s desire. However, not oe gata gg ene ear omrep ee Ty 
everyone is prepared to ihe gh: Te es 
invest in a faster CPU or | reKe °° S0KE 
motherboard upgrade. For- | Feces es 4 
tunately, in some cases the Pe ide as ves ' 
computer may also be given hia: be 
a speed boost by software eer oak vient tenes. | 
or hardware tricks. develop because of the amount of hardware that we had to purchase {in order to support 


A computer is always too slow. Espe- 
cially if you are a power user running 
the latest software, a few megahertz 
extra are often more than welcome. 
Fortunately, you don’t have to buy 
a new hardware kit to make your com- 
puter a bit faster — there are other 
ways! Overclocking the CPU is still 
among the most popular alternatives. 
Essentially, the CPU is given a clock 
signal that is faster than the one it is 
officially rated for by the manufacturer, 
for example, 350 MHz instead of 
300:MHz, This works on nearly all Inte] 


_ CPUs (with a few tricks, though), as 


well as on those from AMD and 
IBM/Cyrix. Lots of information on 
overclocking methods, results and 
related aspects may be found at 
www,sysopt.com/overc.html and 
www.tomshardware.com/overclock.html. 
A major problem with overclocking 
is the extra heat the processor will pro- 
duce as a result of the higher clock fre- 
quency. Increasing the size of the 


-heatsink/fan combination may not 


always be sufficient. Fortunately, a cou- 
ple of small programs are available on 
the Internet that lend a helping hand 


in preventing early CPU demise as a 


result of overheating. Basically, these 
programs insert halt instructions in the 
program code when the CPU idles. In 
this way, the CPU temperature can be 
made to drop by 10-20 degrees. Some 
programs go one step further, provid- 
ing extra functions such as guarding 
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expenses, which is only fair 


af ~~ Document Gare 


them with sensor module drivers). Therefore. all that we're doing is trying to cover our 


the CPU voltage and temperature. The 
three best known are: 

Waterfall and Waterfall Pro 
cpu.simplenet.com/leading wintech/ 
Rain 

cpu.simplenet.com/rain10,zip 

CPUidle 

wowe.stud, uni-hannover.de/~goetz/ 
There are also ways to make the CPU 
faster by changing a couple of internal 
settings. Once a popular method with 
the earlier CPU generations produced 
by Cyrix and AMD, it is no longer nec- 
essary with the latest CPU types. One 
program, CPU booster, should be 
mentioned here, however, because it 


may be useful to owners of ‘older’ 
computers. It may be found at 
www,geocities.cony Silicon Valley/Vista’7532. 
The maker of this program claims that 
it speeds up nearly all older processors 
without having to increase the clock 
frequency. For the rest, the story is a bit 
murky. None the less, we did give the 
program a test spin on a couple of 
computers in our offices. The results 
varied widely. No speed increase was 
noticed on newer PCs, but users of 
older ones with a 486 or older Pentium 
at least were under the impression that 
the machine went faster, so we say it’s 
worth trying. 
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CTO: the world’s first message switch 


By Gregg Grant. 


At around 11 a.m. on the 
morning of June 22nd 1897, 
Queen Victoria pressed a 
button in the telegraph room 
in Buckingham Palace, trans- 
mitting a pulse to the Central 
Telegraph Office (CTO) in St. 
Martin’s le Grand. In sec- 
onds, this huge switch had 
made arrangements for the 
Queen's Diamond Jubilee 
message to be transmitted to 
almost every corner of Her 
vast dominions. 

Here was a powerful illus- 
tration of how small the 
world had become since Her 
accession, thanks to the sin- 
gle most demanding techni- 
cal feat of the 19th century.* 
Queen Victoria had experi- 
enced several of the century's 
discoveries and develop- 
ments, from the passenger 
train to chloroform. By far 
the most pervasive however 
was the one She had just acti- 
vated, prior to setting off on 
Her Jubilee procession. This 
too was another British de- 
velopment, in fact a British 
invention almost; the Tele- 
graph. 


The Telegraph System 
It's difficult for us, lost almost 
in an over-abundance of 
communicative systems, to 
grasp what an enormous dif- 
ference the telegraph made 
to life in general in the latter 
half of the last century. 

It took successive govern- 
ments some time to realize 
that they need no longer wait 
for news of far away events. 
Suddenly, generals and pro- 
consuls were but a cable 
away, more accountable for 
their actions — or the lack of 
them — than they had ever 
been hitherto. 

The telegraph also be- 
came an invaluable ally of 
that emerging scourge of po- 
litical bureaucrats and mili- 
tary panjandrums, the Na- 
tional Press. Not all members 
of the journalistic profession 
took to the new medium 


however. The distinguished 
war correspondent William 
Howard Russell of The ‘Times 
newspaper was one example 
of this less-than-enthusiastic 
attitude, the paper's foreign 
editor pleading with him on 
one occasion ”...to use the 
telegraph freely.” () 

The press, however, were 
greatly influenced by the 
new communicative medium 


‘Telegraph’ into their titles or 
renamed themselves: The 
Telegraph, for example. The 
word 'cable' too began to 
enter the currency of peo- 
ples’ speech. 

St. Martin's le Grand's link 
with the British Post Office 
(BPO) began in 1829 when a 
new General Post Office, 
known as GPO East, was 
built nearby. In 1865, an Act 


TECHNOLOGY AND THE NEW MILLENNIUM 
The advent of a new era is usually a time for reflection 
and stock-taking. The millennium currently approaching 
Platform Earth is no different. Reflecting on the progress 
of electronic technology over the second half of the millen- 
nium now passing away is sobering, to say the least. 

To the Victorians and their successor, the Telegraph was 
the epitome of technical progress, along with the Trans- 
Atlantic cable system that was its highway. To pre-World 
War II Britons, the Television was no less marvellous. Yet, 
one has passed away, and the other is being changed sig- 


nificantly. 
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Figure 1. The CTO telegraph Service: some figures 


and events 1870-1965. 


and it is no accident of 
chance that, from the 1870s 
onward, a number of news- 
papers either incorporated 


* See ‘Waves, Wind and the Teredo Worm. ' 
Electronics World + Wireless World, September, 1991. 
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of Parliament gave the Post 
Master General (PMG) the 
right to acquire land for fur- 
ther construction and, four 
years later, work began on 
another building on the site 
bounded by Angel Street, 


Newgate Street, St. Martin's 
le Grand and what was, at 
that time, Bath Street. 

Completed in 1874, GPO 
West, or the CTO as it came 
to be known, was intended 
as the PMG's new headquar- 
ters. However, matters did 
not quite work out that way, 
one reason being that the 
Telegrams Department relo- 
cated to the top floor from 
their old premises in the 
aptly named _ Telegraph 
Street. 

The Telegraph Acts of 
1868/69 had given the PMG 
the go-ahead to take over the 
telegraph systems operated 
by the independent tele- 
graph companies and the 
various railway authorities. 
Telegraphic communications 
became increasingly popular 
with the public too, as its 
technical efficiency improved 
which, unsurprisingly, led to 
further expansion. In fact, 
two years after the enact- 
ment of the legislation " 
6,000,000 telegrams were 
dealt with annually." (2). By 
1874, GPO West had become 
the nation's main telegraph 
office. 

This vigorous, noisy envi- 
ronment was made up of 
some 90,000 square feet of 
floor space composed of the 
greater part of the ground 
floor, a portion of the base- 
ment and the first floor and 
all of the second, third and 
fourth floors. The noise of 
course came from switch- 
boards, telegraph machines, 
peripheral equipment and 
pneumatic tubes of the kind 
still occasionally found in 
present-day department 
stores, 

These last were located in 
the Central Hall on the 
ground floor and were the 
links between the CTO and a 
number of City offices, Cable 
companies and a News 
Agency. The system ex- 
tended from Piccadilly, Ox- 
ford Street and Regent Street 
in the west to Fenchurch 
Street and Great Tower Street 
in the east. Some 30,000 
telegrams per day passed 
through this system into the 
CTO. 
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The CTO's watchword 
was speed and its method of 
achieving it internally was 
another tube system, the 
House Tube system as it was 
termed. Consisting of over 
tour miles of 2.25-inch, inter- 
nal diameter tubing with 110 
sending and receiving points, 
the system was operated by 
vacuum varying between 1/4 
and 1/2 Ib/sq.in. 

1874 was important in 
other ways too, being the 
year of Marconi's birth and 
also that of Emile Baudot's in- 
vention of what we now 
term a Time Division Multi- 
plexing system of telegraphy. 
In this code, each letter was 
represented by a 5-unit com- 
bination of current-on or cur- 
rent-off signals of equal dura- 
tion, which was far more eco- 
nomical than the Morse sys- 
tem. Thirty-two permuta- 
tions were provided, suffi- 
cient for the alphabet, punc- 
tuation symbols and, natu- 
rally, control of the tele- 
graph’s mechanical func- 
tions. This code shortly re- 
placed Morse's as the most 
commonly used telegraphic 
alphabet. 

Literally scores of tele- 
graphic systems were investi- 
gated at the CTO, beginning 
with the Morse units, which 
provided reliable service for a 
number of years at around 36 
telegrams per hour. The 
Wheatstone equipment, 
transmitting Morse code at 
some 350 words/minute, a 
speed later developments 
would almost double to 600 
words/minute, along with 
the Hughes Printing Tele- 
graph were an improvement 
on the Morse system. Lastly 
there was the Siemens sys- 
tem, capable of transmitting 
and printing letters and fig- 
ures at up to 120 words/ 
minute. Some traffic speeds 
and densities are shown in 
Box 1. 

All of these systems had 
their own particular foibles. 
Wheatstone's ABC _ tele- 
graphs, whilst reliable and 
cost-effective, were slow. 
Nevertheless, some 31 such 
circuits were working to the 
major provincial towns at 
this time, The Hughes Print- 
ing Telegraph, although it 
produced letters on a tape at 
the receiving end, had to be 
fed with 5-unit code signals 
by a highly skilled operator 
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Figure 2: British telephone growth between 1890 and 


1912. 


and so did only half the work 
of a teleprinter for example. 

The Baudot equipment, 
especially after its creator's 
further invention of a distrib- 
ution system for multiplex 
transmission of several mes- 
sages on the same circuit, 
was capable of working up to 
six channels each way one 
circuit at 40 words/minute, 
per channel. The problem 
was identical to that of the 
Hughes equipment; skilled 
operators were essential. 

By 1884 another storey 
was added to the ClO and 
five years later the circuits of 
the Submarine Telegraph 
Company were acquired and 
transferred to the area of the 
CTO known as the Cable 
Room. 

At this time, the CTO was 
the largest telegraph office in 
the world, organised in three 
main divisions: Provincial, 
Metropolitan and Foreign 
Telegraphs, all indicative of 
the major role the British had 
played in the development of 
both the system and _ its 
equipment. 

When, for example, a new 
submarine cable was laid be- 
tween Britain and France in 
1891, it was inaugurated and 
controlled from the CTO. In 
fact, the CTO would remain 
the headquarters of the na- 
tion's international telegraph 
service until 1904. 
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The telegraph, however, 
did not have things entirely 
its own way. Iwo rivals were 
beginning to show what they 
could do and the CTO had 
already played a part in what 
some were thinking could 
well be the future. It was 
from the roof of the CTO that 
Marconi gave his __ first 
demonstration of radio teleg- 
raphy on the 27th July, 1896. 
The receiver was located on 
the roof of GPO South, some 
300 yards away. 

CTO telegraphists were 
kept even more active than 
usual at this time, one exam- 
ple of their work being the 
great political speeches of the 
day, another the News 
Agency traffic. Mr. Glad- 
stone's speech on Home Rule 
for example resulted in no 
less than 1.5 million words 
being handed in to the CTO 
for transmission to the press! 

Figure 1 gives some idea 
of the number of telegrams 
dealt with daily over almost a 
century, including some of 
the major crises of recent 
times. This period was also 
very much the great age of 
the News Agencies such as 
Reuters, founded in London 
in the year of the Great Exhi- 
bition by Julius Reuter, a Ger- 
man Telegraph operator. An- 
other was the Exchange Tele- 
graph Company, one of 
whose founders — Sir James 


13] 


Anderson — had commanded 
the massive Great Eastern on 
her first successful Atlantic 
cable-laying voyage. They, 
and many others, used the 
telegraph to get their copy to 
head office on time, either in- 
dividually or through a ‘pool- 
ing! arrangement. 

By the time of the Dia- 
mond Jubilee the Baudot sys- 
tem was introduced on 
British overseas communica- 
tions and by 1905 was intro- 
duced into the Indian ser- 
vice. Five years later it was 
also in use on the British In- 
land service, 

Among the new equip- 
ment introduced to the CTO 
at the turn of the century 
was the Creed motor-driven 
receive perforator. This used 
an incoming signal to acti- 
vate punches under air pres- 
sure, which then produced 
an exact copy of the sending 
terminal's perforations at a 
maximum speed of 200 
words/minute, 

The other rival to the tele- 
graph also appeared to be 
another innovation — that 
would amount to very little. 
This too would prove to be 
another miscalculation 


Enter The Telephone 
The world's most ubiquitous 
communications device first 
appeared in Britain in 1877. 
William Preece, the Electri- 
cian to the BPO brought two 
telephones back from Amer- 
ica and, with their inventor, 
Alexander Graham _ Bell, 
demonstrated them to the 
British Association for the 
Advancement of Science at 
its annual meeting in Ply- 
mouth. 

And this despite Preece's 
scepticism as to the new de- 
vice's future in Britain where, 
as he pointed out, there were 
more than enough domestic 
servants and errand boys to 
carry the sort of messages in- 
tended for the telephone. 
The Edison Company 
rapidly got in on the act, only 
to merge with the Telephone 
Company in 1880 to form the 
United Telephone Company, 

In the following year the 
Telephone Company Ltd set 
up in business, peddling 
Bell's equipment at more 
than £10 per instrument. 

This modest conglomerate 
however did not have things 
all its own way, it being chal- 


lenged by other companies 
such as the Globe and the 
Equitable, all of them formed 
as rapidly as their rivals had 
been. The BPO, whose flag- 
ship was its efficient, estab- 
lished and _ still-expanding 
telegraph network stayed out 
of the telephone farrago ini- 
tially, although it did enter 
the field later, probably only 
to maintain a presence. 

One of the greatest im- 
pediments to telephone de- 
velopment however was not 
the BPO's aloof indifference, 
or even cost, but litigation. 
Matters got so contentious 
that even the BPO's designs 
were challenged in the 
courts! 

Another problem was that 
it made no sense whatsoever 
to have every telephone in 
the country connected up to 
every other telephone, a fact 
the Americans had already 
realized. They developed the 
Telephone Exchange in 1878 
to overcome this problem, 
and the first such exchange 
in Britain was that installed 
at 36 Coleman Street, Lon- 
don in August, 1879. It had a 
total of eight subscribers! 
Five years later, the American 
Western Electrical Company 
introduced its Multiple 
Switchboard. The BPO devel- 
oped its own version of this, 
which could handle some 
10,000 lines by the turn of the 
century. 

In 1902 the British finally 
completed one of their long- 
cherished technological 
dreams, an ‘All Red,’ round- 
the-world telegraph  net- 
work, linking just about 
every corner of their empire. 
However although Britons 
were still "...at work laying 
or maintaining these cables 
or operating booster stations 
along the line " @) virtually 
everywhere, the network 
was beginning to settle into 
something approaching a 
mid-life crisis. 

At this time over 1,000 
smaller offices were served 
by the CTO on a point-to- 
point basis, which meant an 
enormous amount of 
through traffic, in fact some 
26,000 messages daily. Each 
incoming message had to be 
taken from the receive termi- 
nal and then re-transmitted 
on the appropriate outgoing 
circuit. Another factor was 


cost, as shown in Box 2. 

The BPO's Engineer-in- 
Chief designed a switching 
circuit which interconnected 
the incoming and outgoing 
circuits, so that messages 
passed through the CTO 
once and then headed for 
their destinations. This sys- 
tem lasted until the growth 
of the telephone removed 
the need for short distance 
telegraph traffic. 

Telephone traffic however 
was hardly spectacular, at 
least to begin with, as Fig- 
ure 2 illustrates, This was 
due, in part, to a misconcep- 
tion regarding line induc- 
tance and its effect on the 
higher speech frequencies. 
As early as 1900, two Ameri- 
can research engineers M1. 
Pupin and G.A. Campbell, 
proposed that loading coils 
be inserted at intervals along 
telephone lines to combat the 
higher frequency — losses 
which, at this time, were 
causing a muffling effect. The 
idea was subsequently tested 
and although the coils per- 
formed well, they proved ex- 
pensive to install. 

With Lee de Forest's in- 
vention of the amplifying 
thermionic valve in 1907 
however, electrical engineer- 
ing set off in a new, more 
purposeful direction and by 
1912 design work on line am- 
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plifiers incorporating the 
new devices was far ad- 
vanced. Three years later, 
thanks to these repeaters as 
they were termed, the Amer- 
ican telephone companies 
completed their first trans- 
continental telephone circuit. 

By 1916 repeaters were in 
use in Britain and henceforth 
new telephone — circuits 
would be located under- 
ground, since the repeater 
made the loading coil obso- 
lete. Overhead cables went 
into decline, except in the 
more remote rural areas. 

On July 7th, 1917, the 
CTO was struck by a bomb, 
in the course of the first day- 
light air raid of the Great War. 
The roof was set ablaze and 
part of the parapet collapsed. 
None of the staff were in- 
jured however and business 
continued as normal. 

Throughout the 1920s, the 
telephone kept dealing al- 
most crippling blows to the 
United Kingdom (UK) Inland 
Telegraph service. The CTO 
bit the bullet however and 
created what was termed a 
Phonogram and Telephone- 
Telegraph Gallery on the 
fourth floor. 

This was equipped with 
18 suites of telephone equip- 
ment on double tables, with 
conveyor belts to pass the 
dictated telegrams to their 
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appropriate destinations. In 
1928 for example, the CTO 
handled 10,000 phonograms 
daily. A decade later, another 
record was established with 
43,137 phonograms being 
recorded on Christmas Eve. 

Another blow to the tele- 
graph service was the deci- 
sion of both the News Agen- 
cies and Newspaper owners 
to install their own commu- 
nications equipment. In 1920 
for example, the Exchange 
Telegraph Company began 
experiments ”...from Cannon 
Street to the Company's Not- 
tingham office and back, via 
the Central Telegraph Office 
— a distance of about two 
hundred and_ seventy-five 
miles." (4), The results were 
very promising. 

These advances and inno- 
vations meant that the Press 
Office Telegraph — service 
went from such heights as 
the 1,112,000 words gener- 
ated by Foreign Secretary Sir 
Edward Grey's statement on 
the Moroccan Crisis of No- 
vember 1911, to less than half 
that number by 1930. 

In 1927, the American 
radio engineer Harold S. 
Black developed the concept 
of Negative Feedback (NFB), 
which “...helped to reduce 
distortion and instability in 
telephone circuits by 1,000 
times or more," ©) thus con- 
solidating the telephone's po- 
sition as a major communica- 
tions tool. 

In the following year, 
however, telegraphy hit back 
with the introduction of the 
3A Teleprinter into CTO ser- 
vice. The teleprinter had 
been invented in Canada by 
Fredrick George Creed in the 
1890s. Moving to Glasgow in 
the Diamond Jubilee year — a 
rare example of reverse emi- 
gration as it were — he per- 
fected his invention, which 
was first used in 1912. Two 
years later the Chicago-based 
American inventor Edward 
Kleinschmidt developed a 
similar device, which he 
termed a Teletypewriter. 

From 1924 onwards this 
concept, that of a device 
which could send and re- 
ceive standard typed text, 
was developed for commer- 
cial use. In the following year 
Kleinschmidt’s — machines 
were in use in the Exchange 
Telegraph Office, although 
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they were later replaced by 
Creed models. The machine 
had a number of advantages 
over the telegraphic equip- 
ment it replaced in that it 
was at once simple and 
speedy. An operator could, 
after about six months train- 
ing, transmit some eight 
telegrams per hour. 

By 1930, the BPO began to 
consider a teleprinter service 
for its own official use, a ser- 
vice which eventually came 
into being in January, 1932. 
In August of that year, how- 
ever, the service was ex- 
tended throughout the me- 
tropolis and shortly after- 
wards to the provincial 
towns and cities also. 

Calls were initially set up 
as telephone connections, 
after which both locations 
switched to "Teleprinter.' The 
telegraph signals were 300 
Hertz (Hz) tone pulses. Con- 
tinental Telex services came 
into being in 1936, when the 
BPO changed the signalling 
frequency to the interna- 
tional standard of 1.5 Kilo- 
hertz (kHz). The first service 
was to the Netherlands, 
which was rapidly followed 
by one to Germany, via Ams- 
terdam. Another landmark 
of the period was the intro- 
duction of an entirely new 
communicative service from 
the CTO; Picture Telegraphy 
or, as it's known today, Fac- 
simile. The service was to 
Berlin initially, using 
Siemens-Karolus equipment 
and was yet another example 
of how the telephone had su- 
perseded telegraphy. 

Yet another sign of the 
times was the conversion of 
the CTO's Street Tubes to au- 
tomatic working. At this time, 
the system ran for some 75 
miles under the City, the car- 
riers moving at around 20 
miles per hour (mph). They 
took 15 minutes to reach the 
most distant location, some 
three miles from the CTO. 

On the 29th December 
1940, the CTO was again set 
on fire in the course of one of 
the worst raids of the air war 
against Britain. The fire, 
which had been started by 
debris from buildings close 
by, gutted the interior of the 
CTO. The upper floors were 
declared unsafe and disman- 
tled, What remained of the 
ground and first floors was 
refurbished, the former for 
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Box 1: Traffic speeds and densities 


Telegraphic traffic was estimated in words/minute. In 
1866, for example, the average telegraph speed was 12 
words/minute. The service was beginning to expand, 
there being already 2900 telegraph offices in the United 
Kingdom. Sixty years later, the average speed had risen to 
200 words/minute and the UK had over 13000 telegraph 
offices. 

Telephone traffic, on the other hand, is measured in er- 
langs, named for the Danish mathematician Agner K, Er- 
lang (1878-1929), and represents a telephone apparatus 
working continuously for one hour. It is a measure of traf- 
fic density and is found from the equation 

E=tn/60, 
where t is the average duration of a call in minutes, and n 
is the number of calls. 

In other words, 20 telephones being used for 3 min- 
utes in each hour would represent 1 erlang of traffic 


Box 2: The cost of it all 


The British were constantly worried by all manner of prob- 
lems - real and imagined — concerning their cable net- 
work, not the least of which was cost. 

Where the cables crossed foreign territory, they natu- 
rally belonged to the authorities concerned, as was the 
case with both the German and Russian governments 
who, by the terms of their respective concessions, could 
keep prices high — indeed, to some British officials, just 
this side of extortionate. 

Cable tariffs were high, even on the purely ‘all red’ 
routes. In 1897, for instance, to send a cable to India at 
the standard rate cost 4/- per word, or 20 pence in 
today’s money. Contacting Australia cost 4/99, that is, 
about 29 pence per word, and getting in touch with Sier- 
ras Leone a whopping 6/94 or around 39 pence a word. 

Demand varied enormously. Cable traffic in and out of 
the West Indian island of St Vincent, for example, 
amounted to a mere 15/-worth per day, at present rates 
some 75 pence! 


office accommodation, the 
latter for equipment space. 

In its heyday, the CTO 
had direct links with almost 
every city and town of any 
consequence in Britain and 
most countries in the world 
but, by 1945, matters were 
different. 

Although = communica- 
tions traffic reached a zenith 
at this time — indeed it al- 
ways appeared to exceed 
normal levels in periods of 
national crisis or rejoicing — 
the writing was on the wall 
which, in the case of a com- 
munications organisation, 
was the last place it ought to 
have been. 

Further improvements, 
such as automatic teleprint- 
ers, brought greater effi- 
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ciency and speed but did 
nothing to stem the inex- 
orable decline and by 1956 
telegraph traffic, as illus- 
trated in figure 1, had fallen 
by almost two-thirds from its 
1945 peak. A decade later, it 
had declined even more 
drastically. 

The real rundown of the 
CTO, however, began in July 
1959, when the European 
radio circuits were relocated 
in Electra House, on the Vic- 
toria Embankment. In the fol- 
lowing April the Cable Room 
closed down and by Decem- 
ber 1960, most of the Inland 
Telex switchboard positions 
had been closed. 

The pneumatic tube sys- 
tem was shut down in April 
1962 and six months later, the 
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International Telex and Pub- 


lic Telegraph Instrument 
Room service was trans- 
ferred to the Fleet Building, 
the CTO closing down 
shortly afterwards. Hence- 
forth the telephone, whose 
post-1945 growth would be 
nothing short of spectacular 
as Figure 3 shows, would be 
king. 

It would be ably abetted 
by the teleprinter, now capa- 
ble of some 900 characters 
per minute, myriad elec- 
tronic laboratories and an 
army of self-effacing physi- 
cists and electronics engi- 
neers and engineering tech- 
nicians, all of whom would 
carry forward what Wheat- 
stone, Hughes, Baudot and 
Creed had begun: the global- 
ization of communications. 

Today, more than a cen- 
tury after the Diamond Ju- 
bilee, this task is all but com- 
plete. The All Red undersea 
routes have been massively 
augmented by a Rainbow 
Skytrain of satellites and the 
ideas of yet another Cana- 
dian — Marshall McLuhan — 
have been vindicated. The 
medium is the message! 

{995011-1] 
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Although there is only a small and 
very slow increase in the number of 
microcontroller manufacturers, this is 
in stark contrast with the rocketing 
number of different versions, types 
and sub-types of these components. 
With this in mind, we had to limit our- 
selves to look at the latest develop- 
ments only. So, instead of a complete 
overview of all microcontrollers cur- 
rently available on the market we will 
concentrate on those products that can 
be called ‘recent introductions’. 


ATMEL 
Founded not so long ago (in 1984), 
Atmel, in just a few years, have become 
one of the major forces in the micro- 
controller market. Atmel have always 
excelled at offering a product range 
that meets even the most extravagant 
demands from designers of microcon- 
troller-based systems for a wide variety 
of applications. 

Below are short descriptions of 


microcontrollers’ 
survey 


ws from the world of bit crunchers 


Atmel's most recent products. 
AT90S8535, this one has an 8-kByte ISP 
Flash program memory, 512 kBytes of 
ISP (in-system programmable) EEP- 
ROM and an identical amount of 
SRAM for data; 

AT9054434 and AT90S4433, both hav- 
ing 4 kBytes of Flash ISP program 
memory, 256 bytes of ISP EEPROM, 
and 256 and 128 bytes of SRAM data 
memory; 

ATmega603 with a massive 64 kBytes 
of ISP Flash program memory, 2 kBytes 
of ISP EEPROM and 4 kBytes of SRkAM 
for data storage. 


Taking the ATmega103 as an example 
(from which the ATmega603 is a 
derived version), you are looking at a 
microcontroller with the computing 
power of a PC of about 15 years ago 
(128 kBytes ISP Flash memory, 4 kBytes 
ISP EEPROM, and 4 kBytes SRAM). 
The new device has 120 instructions, it 
can be programmed externally or in- 
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system (ISP), its clock rate is 6 MHz, it 
has 32 input/output lines, three timers, 
an 8-channel 10-bit converter, a real- 
time clock (operating at 32 KHz), and a 
UART, all in a 64-pin TOFP package. 

One of the best things about the 
megaAVR controllers (which, by the 
way, are 8-bit types), is that they allow 
the complete 16-bit instruction to be 
loaded and stored in one operation, 
using two addresses. 

Another novelty is the ATtiny11, 
which is actually a low-voltage con- 
troller. The relevant supply voltages are 
3 V for the ATtiny11 and 1.8 V for the 
ATtiny 11L. Its sole memory element is 
a 1-kByte Flash memory. This con- 
troller has 90 instructions, and is sup- 
plied in an 8-pin case! 

With the introduction of the AT91 
ARM Thumb, finally, Atmel ventures 
out into 16/32-bit ARM RISC technology. 

The most recent model is the 
AT91M40400, which is also the latest 
device in a family of standard micro- 
controllers based on the ARM7TDM1 
core. The ARM91M40400 is a fully static 
component capable of achieving 
30 MIPs at a clock speed of 33 MHz 
and a low supply voltage between 
2.7 V and 3.3 V. This device has rather 
a lot of peripheral circuitry, including 
data and address buses with a width of 
32 bits, 37 registers with the same 
width, and an in-circuit emulator inter- 
face. It contains 4 kBytes of SRAM. 


DALLAS 
SEMICONDUCTOR 

As far as its microcontrollers are con- 
cerned, Dallas Semiconductors can not 
be said to have followed an innovative 
course, Rather, the accent has been on 
increasing speed and computing 
power. The series of microcontrollers 
currently produced by Dallas Semi- 
conductor operates at clock rates up to 
33 MHz. However, since they use only 
4 clock cycles rather than 12 (for an 
8051) to execute an instruction, these 
microcontrollers appear to run at a 
speed of 99 MHz. 

The latest products from Dallas Semicon- 
ductor include: 

DS80C130 

A high-performance replacement of 
the 8051, without ROM or XRAM, but 
having 56 bytes of protected RAM. 
DS80C320 

Identical to the 80C130 but having a 
an on-chip watchdog and a supply 
level monitor. The DS80C323 is the 3-V 
version, 

DS87C250 

This controller has 16 kBytes of 
EPROM (OTP), 1 kBytes of SRAM, 
and various Power Management and 
EMI Reduction modes. The 
DS83C520 is a version with masked 
ROM, and the DS87C530, one with a 
real-time clock (RTC) and an NV 
RAM controller. 
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DS87C530 

Integrating a real-time clock, the 
DS87C530 is compatible with the 8051, 
although it offers better performance 
and lower power consumption. The 
revised core needs only 4 clock cycles 
to execute an instruction, as opposed 
to 12 for the 8051. In fact, it offers the 
same performance as an 8051 running 
at 99 MHz. This new microcontroller 
offers 16 kBytes of EEPROM (UV or 
OTP), 1 kBytes of non-volatile MOVX 
SRAM, 2 serial ports, a watchdog timer, 
a supply voltage guard, dual data 
pointers, and advanced power man- 
agement techniques. The device is, we 
believe, ideal for data logger systems. 


ISSI 

(INTEGRATED SILICON 
SOLUTION, INC.) 

The IS89C52 from ISSI is an 8-bit micro- 
controller with 8 kBytes of reprogram- 
mable Flash memory. Capable of oper- 
ating at a highest clock speed of 
40 MHz the [S89C52 is without doubt 
one of the fastest microcontrollers in its 
class. As suggested by the type number, 
the new microcontroller is functionally 
compatible with the industry-standard 
80C52 device. It offers, among others, 
256 bytes of RAM, a serial I/O port suit- 
able for multi-processor communica- 
tions, and I/O extension circuitry plus 
a full-duplex UART. Sporting no fewer 
than 3 timer/counter units, the IS89C52 
has four 8-bit input/output ports with 
a total of 32 input/output lines. Its 
memory addressing capacity is 
64 kBytes of ROM and the same 
amount of RAM. The device is capable 
of protecting the program memory 
using encrypted verification (32 bytes), 
and lock-out bits (3 bits). 


MICROCHIP 

Microchip recently released five new 
microcontrollers on the market. The 
new PIC16CE62X and PIC12CE67X 
PICMicro™ families now offer pro- 
tected EEPROM memory. 

These 8-bit one-time programmable 
(OTP) microcontrollers present unbeat- 
able security. In fact, to gain access to 
the EEPROM, the memory of the 
PIC16CE62 and PIC12CE67X has to be 
reprogrammed, which, in the case of 
OTP devices, is impossible! The new 
devices are claimed to be the smallest 
one-time programmable 8-bit RISC 
controllers in an 8-pin case. Offering 
one million write/clear cycles, 
Microchip’s EEPROM technology also 
guarantees the longest period of data 
retention: more than 40 years. 

The PIC16CE623, 624 and 625 offer 
512 to 2048 words of one-time pro- 
grammable memory, 128 bytes of EEP- 
ROM, and 9%6 up to 128 bytes of static 
RAM for data storage. 

The PIC16CE673 and 674 are the first 
8-pin microcontrollers in the world 
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with an on-chip 8-bit analogue-to-dig- 
ital converter (ADC) as well as an EEP- 
ROM. Offering 1024 and 2048 OTP 
program memory with a word width 
of 14 bits, these integrated circuits also 
contain 128 bytes of static RAM and 16 
x 8 bytes of EEPROM data memory. 
PIC17C7xx (752, 762 and 766) 

These microcontrollers take us to the 
16-bit limits. Although they are strictly 
speaking 8-bit OTP microcontrollers, 
the devices in Microchip’s PIC17Cxxx 
series offer functionality and perfor- 
mance levels that compete with 16-bit 
devices. These components in 64-pin 
and 84-pin cases contain 10-bit A-D 
converters and two high-speed 
USARITs. These PICs achieve a perfor- 
mance of 8.25 MIPs at a clock rate of 
33 MHz, and so even surpass certain 
competing devices like the Motorola 
MC68HC11 and Hitachi's H8. Offering 
up to 16 kwords of 16-bit program 
memory in OTP EPROM and up to 
902 bytes of user RAM, these new cir- 
cuits comprise a one-cycle (120-ns) 
hardware 8x8 multiplication unit, and 
options for high-speed communication 
on 2 channels (duplex) using a USART 
with a speed of 8.25 million bits’s. 
PICI6CR54C and PIC16C505 

It seems that these devices actually are 
the most economic 8-bit OTP ROM 
controllers currently on the market. 
The PICI6CR54C, a ROM-based con- 
troller, and the PIC16C505, a one-time 
programmable chip, offer a galaxy of 
functions at a very low price. Packaged 
in a 14-pin enclosure, it is the first 8-bit 
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microcontroller to expand the possibil- 
ities of 8-pin designs with more I/O 
capacity, all at a cost of less than 50 dol- 
lar cents in volume quantities. 

The PIC16C5050 has a memory 
with a capacity of 1024 words of 12- 
bits, 72 bytes of user RAM, 12 I/O pins, 
a wake-up circuit activated on lO line 
state changes, and an internal 4-MHz 
clock oscillator. It is also capable of 
being programmed in-circuit, which 
means that the microcontroller does 
not have to be removed from the 
printed circuit board to receive a new 
program. 

The ROM-based PICI6R54C is an 
18-pin controller with a program mem- 
ory of 512 words of 12 bits, 25 bytes of 
user RAM, and 12 I/O pins. These two 
circuits offer 33 one-word instructions, 
a programmable watchdog function 
with an on-chip RC oscillator for no- 
break operation, an instruction cycle 


time of 200 ns at a clock rate of 20 MHz, 
7 hardware registers for special func- 
tions, a 2-register hardware stack, an 8- 
bit real-time timer‘counter, a wide 
range for the supply voltage, and, last 
but not least, low power consumption: 
2 mA at a clock rate of 4 MHz and a 
supply voltage of 5 V. 

The following are the latest models 
announced at the Munich ‘Electronics 98° 
exhibition. 

PIC16F877 and PIC16F876 

These new microcontrollers contain 
8 kwords of 14-bit enhanced Flash 
memory, and 256 bytes of EEPROM- 
resident data memory. They offer the 
widest operating voltage known in the 
industry, namely between 2.0 V and 
5.5 V. These are also the first controllers 
to employ Microchip’s new MM 
(Migratable Memory) technology for the 
greatest possible system performance 
and design flexibility (say Microchip). 
The MM technology effectively ensures 
pin-for-pin and software compatibility 
of all microcontrollers, ROM-based, 
one-time programmable (OTP), or their 
Flash equivalents, and allows designers 
to choose the memory technology as a 
function of the expected application 
lifetime. It also enables easy migration 


to more cost-effective solutions, if nec- 
essary. These components contain a 10- 
bit A-D converter with 5 to 8 channels, a 
UART with RS485 compatibility for 
data acquisition applications in multi- 
channel systems, a computing perfor- 
mance of up to 5 MIPs at a clock speed 
of 5 MHz, options for FC bus commu- 
nication or SPI for system expansion 
with peripheral circuits, and, finally, 
two 8-bit and one 16-bit timer. 

A number of precision timing inter- 
faces allow quantities to be captured 
and compared (16 bits) at respective 
resolutions of 12.5 ns and 200 ns, or 
PWM (pulsewidth modulation) signals 
to be generated with frequencies up to 
20 kHz and a resolution of 10 bits. The 
devices allow up to 1,000,000 clear/pro- 
gram cycles, which is the highest num- 
ber achieved in the industry today. 

The PIC16F877 and PIC16F876 are 
the first 8-bit RISC-type PICmicro® con- 
trollers to integrate enhanced Flash 
memory technology. 

PIC16F627 and PICI6F628 

These new components comprise an 
internal 4-MHz clock oscillator, high- 
precision voltage comparators, a high- 
speed USART, and a capture/compari- 
son/PWM module. These 18-pin micro- 
controllers contain 1024 and 2048 of 
14-bit wide Flash program memory 
respectively, besides 224 bytes of RAM 
and 128 bytes of EEPROM for data 
storage. The highest clock speed is 
40 MHz. 

PIC16C733 and PIC16C774 

These 8-bit microcontrollers integrate a 
sophisticated analogue technology for 
direct, programmable, interfacing to 
the power supply and for precision 
control of external systems. These 
parts, with 28 and 40 pins respectively, 
provide a complete system solution for 
mixed-signal environments, consider- 
ably reducing the number of discrete 
logic parts, associated parts and, of 
course, overall system cost. They inte- 
grate a 10-channel 12-bit A-D converter 
(+1 LSB) and a precision voltage refer- 
ence (+3%), a programmable voltage- 
drop detector, and a programmable 
low-voltage detector (both with a cur- 
rent drain of 50 wA and an accuracy of 
+3%). 

With 4 kwords of 14-bit wide OTP 
memory, the PICI6C773 and 
PIC16C774 contain an R5485-style 
UART for multiple-data acquisition 
purposes, offering a throughput of up 
to 5 MIPs at a clock speed of 20 MHz, 
two 8-bit timers, one 16-bit timer, as 
well as possibilities for industry-stan- 
dard I2C and SPI communication 
buses. 


MOTOROLA 

Motorola recently introduced a new 
version of its 68HC08, the 
68HC908GP20, which, because of its 
in-system programmable (ISP) Flash 


memory, is said to be completely state- 
of-the-art. The GP20, as Motorola calls 
it, has 19,968 bytes of ISP Flash mem- 
ory, 512 bytes of RAM, and offers a 
novel option called Auto Wake-up Out 
of Stop. Tt will faithfully run all instrue- 
tions of the 68HC08, and allows 
designers having worked with the 
68HCO5 to upgrade to a larger model. 

Silently, Motorola has also switched 
over to the use of Flash memory. The 
product range currently includes the 
68F333, 6B8HCI16Y1 and 68HC9I16X1, 

Finally, we should not forget to 
mention the introduction of Motorola’s 
new 68HC(7)05SB7, which is basically a 
new version of the 68HC709, This chip 
was specifically developed for Smart 
Battery applications. 

At the 16-bit microprocessor front, 
Motorola has three families available, 
the 68000, 68HC12 (in more than 10 
different versions) and the 68HC16 
(which comes in 8 different flavours). 


NATIONAL 
SEMICONDUCTOR 
National Semiconductor has really just 
one series of microcontrollers available, 
the COPS, This is an 8-bit processor 
which comes in no fewer than 82 dif- 
ferent versions. The OTP versions of 
the COP8 have memory capacities of 
between 4 and 32 kBytes of OTP 
EPROM. 

Quite recently, National Semicon- 
ductor launched a new OTP micro- 
processor called COP8SGR7. Having 
an EPROM memory of 32 kBytes, its 
price is remarkably low at less than 
5 dollars for 1k+ order volumes. 

Another recent arrival, — the 
COP8SGE7, comes with 8 kBytes of 
OTP memory. 

With its huge memory capacity, the 
COP8SGR7 allows designers to drasti- 
cally reduce development time because 
there is no longer a need to compact 
the program code to make it fit in a 
memory (which is always too small!). 
Once the program has been tested and 
debugged, it may be burned into a 
ROM-based COPS processor. 

The COP8 family was recently 
extended with five new members: the 
COP8SGE5 (8 kBytes ROM), 
COP85GG5 (16 kj, COP8SGH (20 k), 
COP8SGKS (24 k) and the COP8SGR5 
(32k). 

All members of the COP85Gx fam- 
ily have a full-duplex UART/USART 
which is software programmable to 
enable quick implementation of vari- 
ous communication protocols. A pair of 
analogue comparators is available to 
detect zero-crossings, or for imple- 
menting a regular or ‘dual-ramp’ A-D 
converter function, These controllers 
have either 256 (SGE) or 512 (SGR) 
bytes of RAM. 

The COP8SGR?7 and COP8SGE7 
guarantee perfect protection of the 
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intellectual copyrights vested in the 
firmware code. Once the code has been 
made secure by means of an optional 
protection mechanism, the program is 
virtually impossible to ‘hack’. 

Finally, we should note that most 
applications of the COP8 family mem- 
bers are typically industrial. 


PHILIPS 
SEMICONDUCTORS 
Philips Semiconductors are obviously 
in a bid to offer the most extensive 
range of microcontrollers derived from 
the ‘generic’ 80C31. 

89C51, 89C52, 89C54 and 80C58 

The most recent microcontrollers from 
Philips Semiconductors are four Flash 
MTP (Multi Time Programmable) (sic, 
Ed.) Flash types in the extremely pop- 
ular 80C51 family. These fledglings are 
called 89C51, 89C52, 89C54 and 80C58. 
The main point to make about these 
controllers is that they can be repro- 
vrammed many times, and even in- 
system (ISP), which equates to a con- 
siderable reduction of two infamous 
factors, cost and time fo market. 

These new processors are capable 
of operating at up to 33 MHz, which 
makes them among the fastest 80C51 
Flash processors currently available. 

The difference between the various 
models is mainly the size of the on- 
chip Flash memory: 4 kBytes in the 
89C51, and 8, 16 or 32 kBytes in the 52, 
‘04 and ‘58 types respectively. The 
89C51 has 128 bytes of RAM available, 
the other types, double that amount 
(128 bytes). 


SCENIX 

SX-18, SX-28 

Scenix may rightly claim to be the com- 
pany with the fastest 8-bit microcon- 
trollers currently available on the mar- 
ket. Operating at up to 50 MHz and 
capable of executing the majority of 
instructions in just one clock cycle, the 
‘SX’ Flash EEPROM microcontrollers 
from Scenix are good for up to 50 MIPs, 
which means that they are 10 to 50 
times faster than a traditional 8-bit 
microcontroller. 

The main characteristic of the SX, 
besides showing new roads towards 
evolution for all users of 8-bit micro- 
controllers, is that it enables ‘Virtual 
Peripherals’ to be created (the term was 
obviously coined by Scenix). By virtue 
of the unmatched performance of the 
SX, the Virtual Peripherals are basically 
software implementations of functions 
that would otherwise require costly 
and dedicated hardware (mainly 
timers, PWM generators, and other 
serial ports). 

There are actually two types of SX 
controller: easy to tell apart, really, 
because their number of pins is indi- 
cated by the type designation, 18 for 
the SX-18 and 28 for the SX-28. 


Elektor Electronics 


The SX architecture is basically a 
copy of that used in Microchip’s PICs. 
The SX is compatible with the 
PIC16C5x, and offers 10 additional 
instructions. One of the reasons for the 
technical success of the SX is the speed 
of its EEPROM program memory (2048 
words of 12 bits) and its RAM-based 
registers (136 bytes) for data storage. 

The instructions of the SX have a 
uniform length (12 bits) and most of 
them are executed in one clock cycle. 
Although the internal clock speed of 
the SX is ‘just’ 4 MHz, the controller 
outperforms a number of classic CPUs 
running at much higher speeds (12 or 
33 MHz, for example), mainly because 
these require several clock cycles to 
execute a single instruction (12 cycles, 
for example, for the 8051), 

Stop Press: Scenix just announced an 
addition to its production program: a 
new version of the SX18/28, called 
SX18/28AC100. As suggested by its type 
designation this number cruncher is 
capable of achieving a processing per- 
formance of up to 100 MIPs. Running 
at up to 100 MHz, the SX18/28AC100 
executes one instruction in one clock 
cycle. At a data throughput of 
100 MIPs, the resulting instruction 
cycle length is 10 ns. These two new 
versions sport 2 kwords of Flash/EEP- 
ROM memory with a width of 12 bits. 


SGS-THOMSON 
MICROELECTRONICS 
The ST6 Family 

This is probably the best known series 
of 8-bit microcontrollers from SGS- 
Thomson. It comprises the following 
types: ST6200/1/3/8/9, ST6210/15/18, 
$16220/25/28, ST6230/32, ST6240/42.'46, 
$T6252/53/55, ST6260/62/63/65 and 
ST6280/85. Note that not all of these 
microcontrollers are available in a 28- 
pin or 40-pin DIL enclosure — a num- 
ber of them are only supplied in a 
PQFP flatpack case. 

Within this series, SGS-Thomson 
offers an EPROM, ROM and OTP ver- 
sion of each type. In this way, a good 
compromise is reached between 
design flexibility and low cost. The 
characteristics shared by ST6 family 
members include a maximum operat- 
ing frequency of 8 MHz, a program 
memory with a size between 1 and 
8 kBytes, and a RAM and (for some 
types) EEPROM capacity of 64 to 
128 bits. The components that make up 
this series are specified to last 300,000 
programming cycles, they have an on- 
chip 8-bit A-D converter, an SPI com- 
patible serial interface, a UART, one (or 
two) 8-bit timers with pulsewidth 
modulation, and interrupt detection 
on all inputs. 


The ST7 Family 
This is the latest family of microcon- 
trollers released by SGS-Thomson 
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Microelectronics. It is based on an 
architecture that is still actively 
employed for the design of microcon- 
trollers for specific applications like PC 
displays, remote control units, CD 
players or car radios with RDS. 

The members of the ST7 family dif- 
fer in respect of on-chip memory size, 
ranging from a modest 4 Kbytes of pro- 
gram memory and 128 bytes of RAM 
in the $T72101 right up to 32 kBytes of 
ROM/EPROM, 1024 bytes of RAM and 
256 bytes of EEPROM in the $T72331. 
The IC cases have 28 up to 56 connect- 
ing pins. 

Among the options for peripheral 
circuits are an 8-bit mult-channel ADC, 
SPI interfaces, PC, USB and CAN bus 
interfaces, and one or two 16-bit timers. 

As far as performance is concerned, 
the ST72 series is situated about 


halfway between the low-cost ST62 
family and the ST9 family with 8'16 bit 
registers. 

The ST72 family is expected to be 
extended shortly with a couple of new 
members specially developed for 
applications like controlling LCDs or 
brushless motors. 


The ST9 Family 

This series contains a number of micro- 
controllers which are generally 
referred to as ‘8/16-bits’. The best 
known types are the ST90135 and the 
STIOR158. 


The ST10 Family 

This series of 16-bit microcontrollers is 
often said to combine the advantages 
of CISC and RISC. It comprises the fol- 
lowing integrated circuits: ST1OR165, 
ST10R163, STIOF163, (128 kBytes Flash 
memory), STIOR166, STIOF166 and 
ST10F167. To these will be shortly be 
added the ST10R272L and_ the 
ST10F168. Clock frequency is rated at 
up to 20 MHz and the memory is 
128 kBytes Flash. These new con- 
trollers are compatible with the C16x 
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family from Siemens. 


The ST20 Family 
This is the 32-bit family of microcon- 
trollers produced by SGS-Thomson. 


SIEMENS 

The C500 from Siemens is one of the 
most interesting microcontroller series. 
The latest addition is called C505L, This 
8-bit device is offered as a single-chip 
solution. This processor, a descendant 
of the generic 8051, is the first to be 
supplied with an on-chip LCD inter- 
face. 

The C505L is totally compatible 
with the industry-standard 80C51 and 
80C52. It integrates a 32-kByte OTP 
memory, 512 bytes of RAM, a synchro- 
nous/asynchronous serial interface, 
and a very accurate 10-bit A-D con- 
verter boasting a conversion time of 
just 6 ws. The on-chip LCD controller 
may drive a 128-segment LCD (i.e., 4 
lines of 32 characters); it has 36 LCD 
outputs of which 20 are reserved for 
display functions. The remaining 16 
outputs may be used as conventional 
VO lines, At a clock frequency of 
20 MHz, the cycle period is about 
300 ns. The real-time clock on the chip 
also supports a power-down mode in 
which the current consumption drops 
to just 50 vA (at a supply voltage of 
3.3 V and a clock frequency of 32 kHz). 


TEMIC 

Temic recently launched _ their 
TSC8051i2, a new 8-bit microcontroller 
which, according to the manufacturer, 
integrates a multimaster [?C controller, 
analogue PWM outputs and a tradi- 
tional watchdog circuit. 

The two-wire I2C bus has become 
an industry standard mainly because it 
is so simple and versatile. The 
TSC8051i2 contains a multimaster 12C 
controller which presents an economic 
solution to designers wishing to imple- 
ment the [2C bus. 

As indicated by its type number, the 
TSC8051i2 is based on the architecture 
of Intel’s 80C51. In addition to the mul- 
timaster 12C controller, the Temic micro 
contains 8 kBytes of OTP/EPROM or 
ROM, 256 bytes of RAM, 2 timers and 
a UART. It runs at a clock rate of 
24 MHz at 5 V, and will soon be avail- 
able in a 3-V version capable of run- 
ning at 16 MHz. 


ZILOG 

In the wake of the famous Z8 from 
Zilog are a number of follow-up 
devices designated ‘Z86’. This is quite 
a large family: 

Z86C34/35/36/44/45/46,  Z86E34/44, 
286144, Z8E001, Z86E02/C02/L02, 
Z86E03/06/C03/06/L06/16, 
Z86E04/C04/L04, — Z86E08/C08/L08, 
Z86E30/31/40, Z86C33/43, Z86C83/84. 
There also exists a new series of 
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derived products called Z8Plus. The 
core of these controllers presents a 
number of advantages over the classic 
Z8 core. These advantages include 
higher processing speed resulting from 
a lower system clock pre-division fac- 
tor. 

When clocked at 10 MHz, con- 
trollers based on the Z8Plus core 
achieve a performance level equal to 
that of a classic Z8 running at 16 MHz. 
The first product is the Z8E001, an OTP 
device with 1 kBytes of program mem- 
ory, a 64-bytes register array, 3 timers 
(including PWM) and an analogue 
comparator, all in an 18-pin case. 
Z86144 
This new product offers 16 bytes of 
EEPROM space which may _ be 
addressed in three different ways: (1) 
by user code, (2) externally by means 
of two interface protocols, or (3) in 
“EEMODE’ which allows program- 
ming and access on a byte-by-byte 
basis. 


There are many other manufacturers 
of microcontrollers, including Analog 
Devices, Arm, Fujitsu, Harris Semicon- 
ductor, Hitachi, IDT, Mitsubishi, NEC, 
OKI, Samsung, Sharp and Texas Instru- 
ments. Because of various reasons their 
products could not be discussed in this 
survey. 


CONCLUSION 

Based on current market tendencies, 
the outlook is: more computing power, 
higher speeds. An increasing number 
of dedicated or application-specific 
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microcontrollers is noticed. These 
devices are tailor-made to perform one 
specific function only, often having 
very specific circuitry on board, as 
required by the application for which 
they were designed. 


Note 

The editorial staff ts grateful to all compa- 
nies and distributors who kindly responded 
to our requests by sending technical docu- 
mentation, illustration material or even 
contplete evaluation kits (Atmel). 

Special thanks are due to Mr. Gartdi of 
Atmel Southern Europe, Sonepar Electron- 
ique, Mr. Hababou of SGS-Thomson and 
Mrs Veronica Batchelor of Napier Partner- 
ship, the appointed Microchip press bureau. 
Illustrations in this article reproduced by 
courtesy of SGS-Thomson and Microchip. 
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Internet addresses 


Analog Devices : 

Arm: 

Atmel : 

Cypress : 

Dallas Semiconductor : 
Fujitsu : 

Harris Semiconductor : 
Hitachi: 

IDT: 

ISS! : 

Microchip : 

Mitsubishi : 

Motorola : 

National Semiconductor : 
NEC: 

OK! : 
Philips : 
Samsung : 
Scenix : 
SGS-Thomson Microelectronics : 
Sharp : 

Siemens : 

Temic : 

Texas Instruments : 

Zilog : 


http://www.analog.com 
http://www.arm.com 
http://www.atmel.com 
http://www.cypress.com 
http://www dalsemi.com 
http://www. fujitsu-ede.com 
http://www.semi.harris.com 
http://www. hitachi.co.jp 
http://www.idt.com 
http//www.issi.com 
hitp://www.microchip.com 
http://www.mitsubishi.com 
hitp:/{www.mot-sps.com 
hitp://www.national.com 
http://www nec.com 
http://www.oki-europe.de 


http://www.us2.semiconductors.philips.com/microcontrol 


http://www.samsungsemi.com 
http://www.scenix.com 
http://www.st.com 
http://www.sharp-usa.com 


http://www.siemens.de/semiconductor 


http://www.temic.de/e/index.htm 
http://www.ti.com 
http://www.zilog.com 


BTW an excellent search engine may be found at: http://www.800go.com. 
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Since pub- 
lishing the 
first instal- 

ment of this 

article, consid- 
erable interest has 
been expressed in 
the design by many of 
| Our readers. As 
ae always, however, the 
proof of the pudding 
is in the eating, and 
: actually building the 
oie receiver is no mean 
job. Fortunately, 
ready-made PCBs are 
ae available, and the 
i receiver is easy-going 
Harel on adjustment. 


saa 
rw ee 


ae Design by G. Baars, PE1GIC 


y 


RADIO, TELEVISION & VIDEO 


general-coverage 
‘receiver 


part 2 (final): 


Before discussing the construction of 
the general-coverage receiver, we think 
it is fair to warn that the project should 
not be attempted by beginners without 
any experience in building RF circuits. 
But that is not to say you may not try, 
assuming that you have considered the 
following conditions: 


O you can rely on a more experienced 
‘ham’ to help you; 

© you are capable of working very 
accurately; 

O you are not under the stress of 
meeting deadlines, say, for complet- 
ing a school project or GCSE assign- 
ment; 

O a set of plastic coil adjustment tools is 
available; 

O you are willing and able to obtain all 
the parts as specified, preferably 
from a reputed kit supplier. 


In the following discussions it is 
assumed that the constructor has rea- 
sonable experience in building RF cir- 
cuits printed-circuit boards. Also, for 
terms and abbreviations used here, 


construction and operation 


westahtcen mares 


you may have to refer back to part 1 of 
this article. 


MAIN RECEIVER BOARD 
The design of the main receiver board 
is shown in Figure 4. This is a pretty 
large board containing many discrete 
components. It is double-sided, 
through-plated and available ready- 
made from the Publishers (or through 
a kit supplier). 

As you will not have failed to notice, 
the top side of the board acts as a 
ground plane which serves to keep RF 
interference (both radiated and picked- 
up) toa minimum, 

Start by mounting the lower-profile 
parts on the board. As usual, check the 
value and, if necessary, orientation of 
each component before you mount it. 
For a change, the low profile parts 
include the following [Cs: ICI 
(TCA440), IC5 (MC145156),  1C3 
(MC3317), and 1C4 (MB501L). These 
ICs are not mounted in sockets to 
ensure minimum stray capacitance and 
inductance around their pins. 

Some components whose mounting 
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deserves special attention will be dis- 
cussed below. 


Inductor L21 

This consists of 7 turns of 0.5-mm dia 
(SWG26) silver-plated wire. The inter- 
nal diameter is 6 mm, so the inductor 
is easily would on a 5-mm drill bit. 
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Figure 4. main receiver board layout (solder side 


Stretch the turns evenly to 
make the coil ends reach 
the holes in the PCB. Then 
determine the position of 
the tap, which should be connected at 
about 3 turns from the cold end. A 
very short piece of wire installed using 
tweezers will do the job. A small piece 


and top side). The ready-made board supplied by 
the Publishers is through-plated. de 


of foam plastic or similar may be 
pushed into the coil to reduce micro- 
phonic noises due to vibration. 
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DG MOSFETs and BFR91 
The two dual-gate MOSFETs in the cir- 
cuit, T1, T2, are mounted at the under- 
side of the board. Make sure they are 
fitted the right way around — the com- 
ponent overlay shows their (different!) 
orientations, The BF9xx series MOS- 
FETs as supplied these days is no more 
sensitive to static discharges (ESD) than 
any common-or-garden CMOS IC, so 
no special precautions are required in 
this respect. Unusual as it may be that 
the type print on a particular MOSFET 
happens to be illegible from the top 
side, it is irrelevant! In other words: 
stick to the component orientation as 
indicated. In case of doubt refer back 
the circuit diagram, Figure 2 in part 1. 
The BFR91 bipolar transistor is also 
mounted at the underside of the board. 
The longest terminal is the collector. 


Trimmers 

The terminals of the three trimmer 
capacitors on the board should be sol- 
dered as quickly as possible to prevent 
the heat of the solder bit deforming the 
plate structure and the internal PTFE 
material. Note that one trimmer, C21, 
is at the positive supply voltage. Set all 
three trimmers to mid-capacitance. 


Preselector 

No special precautions here, but do 
make sure you do know the value of 
each and every miniature choke before 
you fit it. Also, the PIN diodes must be 
fitted the right way around! 


Quartz crystals 
Connect the two quartz, crystal cases 
to the ground plane by means of a 


short wires. 


Toko inductors 

These having two pins at one side and 
three at the other, they can not be 
mounted the wrong way around. The 
lugs at the can sides should also be 
soldered. 


Potentiometers 

Note that these are small types with a 
4-mm spindle. Do not cut the spindles 
as yet, their lengths have to be deter- 
mined accurately later. 


RF input 
Connect a short length of thin (3-mm 
dia.) coax cable (like RG174/U) to the 
RF input. 


45M15AU first-IF filter 

This metal-encapsulated component 
has three wires, the centre one being 
grounded. It can be mounted either 
way around. 


You will notice that the board allows 
both 5 and 7.5-mm pitch 100-nF 
ceramic capacitors to be mounted 
(most are for decoupling). If you can 
not get hold of the ‘Sibatit’ capacitors 
we used in the prototype, they may be 
replaced with miniature ceramic ones. 

Take your time to populate the main 
receiver board — many mistakes are 
made as a result of hurrying. Figure 5 
shows one of early prototypes of the 
receiver board, photographed from 
above. 


CONTROL BOARD 
This being a fairly traditional micro- 
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processor board it is probably easier to 
build up than the receiver board. The 
board is single-sided. The design is 
shown in Figure 6, and our finished 
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prototype, in Figure 7. 

Like the main receiver board, the 
control board is available ready-made 
from the Publishers. If you buy the 


980084-2 
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complete project from a kit supplier, 
the PCBs and/or the programmed PIC 
may or may not be included, so do 
make sure you know what you get! 


Elektor Electronics 2/99 


Visit our Web site at 


The keypad section 
has to be cut from the 
main control board. 

The main point to note about this 
board is that all components on it must 
be mounted at the lowest possible 
height to enable the board to be prop- 
erly fitted against the inside of the 
front panel later. If necessary, compo- 
nents IC5 and C11 are mounted at the 
solder side of the board. For the rest, 
the control board is conventionally 
populated, i.e., you use IC sockets and 
simply follow the parts list and the 
component overlay. There are, how- 
ever, a number of wire links which we 
recommend you fit first. 

An important note we should make 
about building this board is that the 
switches, the LCD and the S-meter are 
mounted at such a height that the S 
meter is flush with the front panel, the 
LCD is just behind it, and the switches 
just protrude. This may sound com- 
plex, but it is in fact fairly easy to 
achieve by inserting the control board 
in the small vertical slots inside the 
case. These slots are specially made to 
hold vertically mounted boards., and 
govern the mounting height of the 
previously mentioned elements. In our 
prototype, the LCD was mounted on a 
SIL pin strip (K1) at about 12 mm 
above the control board surface. The 
keypad sub-board was mounted at a 
height of about 10 mm on two 8-way 
SIL pinheaders and mating sockets (K2 
and K4). By ‘nudging’ the pinheaders 
in the sockets, the keytops can be made 
to protrude about 1 mm from the front 
panel. 

The S meter sits in a square clear- 
ance cut in the controller board. Once 
its final position is known, it may be 
secured to the board with a few drops 
of glue. 
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WIRING 

The wire connections 
between the main 
receiver board and the control board 
are made in short lengths of flatcable. 
A 6-way cable is used for the ‘preselec- 
tor’ cable (Q0-Q5), and 3-way cables 
for the serial bus (SCLCK, SDATA and 
SENABLE) and the mode selection 
(FM, AM, SSB). Solder these cables at 
the receiver board first, and then find 
the corresponding points on the con- 
trol board. Connect the wires at the 
solder side of the control board. This 
is not necessary for the LCD backlight 
connections, if used. 

The controller board has the 12-V 
voltage regulator on it, so it is con- 
nected to the mains adaptor output. 
The regulated 12-V supply voltage is 
connected to the receiver board. A 
mains adaptor with a current rating of 
12 V at about 1 A will be fine for the 
receiver. Note that although an input 
voltage of 15 V is required, most mains 
adaptors actually supply at least 15 V 
when set to 12 V. 

The S meter is directly connected to 
the receiver board (wires to $+ and 
ground). If the meter has internal light- 
ing, then run two wires from the lamp 
connections to the terminals +M and 
—M on the control board. The same for 
the LCD backlight (if available), which 
is connected to terminals +B and —B, 
also on the control board. 

A loudspeaker may be mounted 
inside the case, or a socket may be fit- 
ted on the rear panel for connecting an 
external loudspeaker (often to be pre- 
ferred), 


FRONT PANEL 

The layout of the front panel is shown 
in Figure 8. As always you can use this 
drawing as a template and a master 
for transferring onto a transparency. 


http://www.elektor-electronics.co.uk 


tee ee a ERR FE 


The layout also provides the size of all 
holes and rectangular clearances to be 
cut. Unfortunately, a ready-made front 
panel foil is not available from the 
Publishers. 

The rear panel only holds the RF 
input socket (a BNC or SO239 type), an 
external loudspeaker (or headphones) 
socket and the mains adaptor socket. 


ADJUSTMENT 
The receiver is designed such that it 
should be able to receive strong sta- 
tions with all trimmers and inductor 
cores set to mid-travel. 

To be able to adjust the receiver, you 
have to have the two PCBs temporar- 
ily connected to each other. Likewise, a 
power supply, and antenna and a 
loudspeaker are provisionally con- 
nected up. Turn the volume control 
way down. 

Once you have ascertained the 
level and the polarity of the 15-V DC 
supply voltage, connect it to the con- 
trol board and switch on. 

Start by adjusting the LCD contrast 
using P1. Typically this preset has to be 
turned almost fully ecw. 

The first time you switch on the 
receiver, memory 0 will contain data 
that makes no sense and, worse, makes 
manual tuning impossible. So, first pro- 
gram memory 0 with meaningful 
information (see below under Opera- 
tion). 

Initially, we recommend tuning to a 
strong medium-wave (MW) band 
broadcast station, say BBC Radio 1. 
Type the frequency into the display, 
confirm with #, and adjust the 1-MHz 
reference oscillator (C81) for highest S 
meter indication. Next, carefully adjust 
the cores in L14 and L18 for best recep- 
tion, using a plastic trimmer tool (if 
you don’t have this, file down a plastic 
egg spoon or a matchstick for ovens). 
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If the signal gets very 
strong, change to a for- 
eign broadcast or a 
national one which you know you can 
only receive marginally. Now peak the 
other two trimmers, C21 and C42, for 
the highest S meter reading, if neces- 
sary reducing the RF gain. The remain- 
ing inductor in the receiver, L19, is 
adjusted for best audio quality of an 
FM CB station in the 27-MHz band. 
Failing an off-air FM signal you can 
also adjust it for minimum audio out- 
put when receiving an AM station. 


OPERATION 

The program developed by the author 
and burnt into the PIC microcontroller 
(Publisher’s order code 986517-1) pro- 
vides easy operation of the receiver by 
driving the LCD and scanning the key- 
board. The keyboard allows you to 
enter the frequency you want, as well 
as the associated bandwidth (3 or 12 
kHz) and mode (AM, FM or SSB). The 
LCD presents the following readout: 


mmmbp fifff KHz 

where 

mm(m) = AM/FM/SSB (receiver made) 

= nw narrow or wide band- 

width 

p= 1-6 preselector band 

fifff= 150-32000 receive frequency in 
KHz 


The keyboard functions are as follows: 


ftftt¥ enter frequency in kHz 

01 select AM mode 

02 select SSB mode 

03 select FM mode 

04 select narrow-bandwidth (3 kHz) 

05 select wide bandwidth (12 kHz) 

00 LCD backlight on/off (if available) 

*mm# store frequency at memory location 
mm 

#mm# load frequency from memory loca- 
tion mm 

where 


mm = 00 ~ 20; defaults to 00 when the receiver 
is switched on 
fff = 150 — 32000 (kHz) 


FREQUENCY/MODE 


AW FU/SSB 015-20 


PRACTICAL 
RESULTS 
Obviously this receiver 
can not be expected to perform like the 
latest £1k+ JRC communications 
receiver. Overall performance is quite 
good, however, provided you give 
some thought to the antenna. Even 
with a simple telescopic antenna, sta- 
tions at distances of hundreds of miles 
could be received. The amount of dig- 
ital interference caused by the micro- 
controller was found to be so low as to 
present no problems at all. No wonder, 
the PIC is asleep most of the time! 
Radio amateurs in the 20, 40 and 80- 
metres bands usually employ SSB for 
voice communication. With the BFO 
control on the receiver set to about 
mid-travel a BFO frequency of about 
455 kHz is obtained. Turning it clock- 
wise and anti-clockwise over about 90 
degrees then provides the right setting 
for USB and LSB respectively. Because 
of the widespread use of synthesizer- 
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controlled transceivers, many hams 
use a 1-kHz raster. Even if this is not 
the case, reception is possible by turn- 
ing the BFO so that a frequency shift of 
about 500 Hz is obtained. 

Because most radio amateurs use 
relatively low power levels (as com- 
pared to broadcast stations), it pays to 
use a relatively long wire antenna. The 
author found that a wire with a length 
of about 5 m, hung between two 
houses, gave reasonable results 
already. 

The prototype of the receiver was 
also successfully tested with the superb 
Omega-2 and Omega-3 magnetic loop 
antennas described in the September 
1998 issue of Elektor Electronics. 

Finally, the author welcomes any 
feedback you may want to provide on 
building and using the general-cover- 
age receiver described here. His email 
address is G.Baarst@hot.a2000.nl 

(OSTA 2) 
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tical expenience by Elektor Electronics or its consultants. 


precision current 
gauges 


with low-loss sense element 
and PWM output 


Isense 


The LM3812/LM3813 
current gauges from 
National Semicon- 
ductor are suitable 
for application as bat- |.,,,,.-., oe 
tery charge/discharge , 
gauge, motion con- 
trol diagnostics, so0002- 16 
power supply load 2 4 Tumleal Apoliention clout ofan Liteats ek 
monitoring and man- 
agement, and reset- 
table smart fuse. 


INTRODUCTION ture coefficient 2600 ppm °C-1), 

The LM3812/LM3813 current gauges A Delta Sigma analogue-to-digital 
provide easy-to-use precision current converter is incorporated to precisely 
measurement with virtually zero inser- measure the current and to provide a 
tion loss (typically 0.004 Q; tempera- current averaging function. Current is 


Main parameters 


> Ultra low insertion loss (typically 0.004 Q) 

©) 2-2.5 V supply range 

=> +2% accuracy at room temperature (includes accuracy of the internal 
sense element) (LM3812-1.0, LM3813-1.0) 

<> Low quiescent current in shutdown mode (typically 2.5 yA) 

=> 50 ms sampling interval 

<> No external sense element required 

<> PWM output indicates the current magnitude and direction 

<> PWM output can be interfaced with microprocessors 

> Precision delta-sigma current-sense technique 

<> Low temperature sensitivity 

©) Internal filtering rejects false trips 


A National Semiconductor => Internal power-on reset (POR) 
Application 
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averaged over 50 ms time periods to 
provide immunity to current spikes. 

The devices have a pulse-width 
modulated (PWM) output which indi- 
cates the current magnitude and direc- 
tion. The accuracy, including the accu- 
racy of the internal sense element, is 
better than+2% at room temperature. 

The shutdown pin may be used to 
inhibit false triggering during start-up 
or to enter a low quiescent current 
mode. 

The LM3812 is used for high-side 
sensing, and the LM3813 for low-side 
sensing. The diagram of the LM3812 in 
Figure 1 shows that the only external 
components needed are two capaci- 
tors. The application diagram of the 990002 - 11 
LM3813 is equally straightforward. 

Both ICs operate from a supply 
voltage of 2-5.25 V. They are factory- 
set in two different current options. 
The sense range is —-1 A to +1A or 
-7 Ato +7 A. The sampling interval is 
50 ms. If faster sampling is desired, ref- ‘ 
erence should be made to the LM3814 Top View Top View 
and LM3815. 


Digital 
Filter 


Delta Sigma 
Modulator 


Digital Ramp 
Senerator 


The devices are available in eight SENSE+ 8 
different versions in an SO8 package. 2 7 ers , 
In the type coding LM38laXc-d, M = 
indicates that the part is available in 3 EMS612 6 FLTR+ LM3813 P 
surface mount package; a indicates 
high-side (=2) or low-side (=3); X indi- 4 5 FLTR- 5 
cates that the part is available in mul- 


tiples of 2500 on tape or reel; c indi- 990002 - 17a 00002 - 476 
cates the sampling time (c=P=50 ms; 


c=F= 6 ms), and d indicates the sense Pin description 


range (d=1.0 for +1 A; d=7.0 for 1 SENSE + High side of internal current sense, also supply voltage (ground 
+7 A). in LM3813) 
2 SENSE- Low side of internal current sense 
OPERATION 3 FLTR+ Filter input provides anti-aliasing for delta-sigma modulator 
Wig Ag ; - 4 FLTR- Filter input 
ihe current = sampled by - delta 5 SD Shutdown pin. Connected to V,, through a pull-up resistor for 
sigma modulator as shown in Figure 2. / ti 
The pulse density output of the mod- cas eer P ‘ 

P ee ge aye P : aes: When low, the IC goes into a low-current mode (typically 3A) 
ulator is digitally filtered. The digital 6 PWM PWM output indicates the current magnitude and direction 
output is then compared to the output 7 GND Ground 
of a digital ramp gencrator, which pro- 8 GND Ground, but Vp, in LM3813 


duces a PWM output. 

The duty cycle of the PWM is pro- 
portional to the level of current flow- 
ing. A duty cycle of 50% indicates zero 
current. If the current is flowing into a 
positive direction, the duty cycle 
>50%; if it is flowing into a negative 
direction, the duty cycle <50%. 

A duty cycle of 95.5% (4.5%) indi- 
cates the current is at Iy,4x (Imax). The 
IC can sense current from —Ipja, to 
+lmax Options for Iya, are 1A or 
10 A. A typical timing diagram for a 
mostly positive current is given in Fig- 
ure 3. The sense current is given by 


Avg. current from 0 to St 
snown oy 75% duty cycle 


loense = 2-2(D-0.5) Tmax) 

where D is the duty cycle of the PWM 
signal and [,, is the full-scale current 
(1 A or 10 A). Similarly, the duty cycle 
is given by 


D=(Ieense/2-2l max) + 0-5. 
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Note that although the LM3812-7.0 
and LM3813-7.0 will read 10 A full 
scale, they are rated for 10 A operation 
for a duration of no more than 200 ms, 
and 7 A operation continuously. 
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example, the average current mea- 
surement is 502.3 mA, This value is 
very close to the actual value of 
500 mA. Moreover, the accuracy 
depends on the number of readings 
that are averaged. 

[990KK12] 
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The PWM output is quantized to 1024 
levels, which means that the duty 
cycle can change in increments of 
11024 only. 

There is a one-half quantization 
cycle delay in the output of the PWM 
circuitry. That is to say that instead of 
a duty cycle of 1/1024, the duty cycle 
actually is (1+0.5)/1024. 

The quantization error can be cor- 
rected if a more precise result is 
desired. To correct for this error, sim- 
ply subtract 1/2048 from the measured 
duty cycle, 


Source: Data sheet ‘LM3812/LM3813 
Precision Current Gauge IC with Ultra 
Low Loss Sense Element and PWM’ 
(National Semiconductor) 
(www.natsemi.com) 


The extra half cycle delay will show Electrical characteristics (Vp = 5.0 V, Supply bypass capacitor is 1 «F and filter capacitor is 0.1 F) 
up as a d.c. offset vas 0.5 bit if = ne Symbol Parameter Conditions Minimum Typical Maximum 
corrected for. This is about 1.1 mA for 
1A ICs, and 11 mA for 7 A devices. LM381aPM-1.0 0.882/0,864 0.919/0.936 

LM381aFM-1.0 0.868/0.850 0.9 0.932/0.950) A 
ACCURACY VS NOISE ACG | Average current accuracy fi wssrapm7.0 | 2.4o2a50| 25 | 2.6002.680| A 
The eae shapes 0 gare & ise LmasiaFM-7.0 | 2.350/2.288) 25 | 26502.712| A 
trates the typical response of +1 A cur- — — binky 
rent gauges. In this graph, the hori- LM381aPM-1.0 2 mA 
zontal (x) axis indicates time, and the Ct aaa LIM381aFM-1.0 12 mA 
seitipeal THN ste e ective output noise 
vertical (y) axis, the measured current n p LM381aPM-7.0 50 ai 
(the PWM duty cycle has been con- a 
verted to current). The graph shown LM381aFM-7.0 ‘a ma 
was generated for an actual current of Normal Made 100 160 HA 
500 mA. lqq | Quiescent current 
The difference between successive ee oer a ee Os ok 
sand? * “% 2h ; Precision Mode 04 % 
readings manifests itself as jitter in the Dpeg | PWM resolution 
PWM output or noise in the current Fast Mode 0.8 % | 
beeen (when the om) cycle of ew Precision Mode 40 52 80 ms 
s j i x ampling time 
ee output is converted into cur S pling Fast Mode 4 6 10 me 
“Th e F Precision Mode 12,5 20 25 Hz 

The accuracy of the Measurement Frequency of PWM signal -— 
depends on the noise in the current Fast Mode 100 160 250 Hz 
bschstnne’ The accuracy Tt be Voy |Logic high level for PWM = {Load current= 1MA} Vpp-0.2 | Vpp - 0.05 Vv 
improved by averaging several out- ; - 
puts. Although there is variation in Logic low level for PWM} 2V.< Wp = 5.25V 0.04 0.2 V 
successive readings, a very accurate Insertion loss ISeNse = 1A 0.004 2 

fi measurement can be obtained by aver- Notes: Specifications in standard type face are for a junction temperature Tj=25 eG and those in bald type face apply over the 
I aging the readings. For example, on tull junction temperature range of -40 °C to +125 °C. 


averaging the readings shown in this 
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To many computer users, asynchronous serial com- 
munication will always remain something of a mys- 
tery. Does the link work or not? Do all fhe peripherals 
have the same settings, and does the right signal 
arrive on the right pin? These questions are easily 
answered by Com-Watch«. The system consists of an 
advanced DOS program and a simple passive 
adaptor. 


Im coe o-¢ opooeare Aticor ay with CLEIl2 Imteerricalicomeal 


COM-Watch: 


problem sieuth for serial ports 


Although the serial port is one of the 
most frequently used Communication 
gateways in the modern PC, it also calls 
up the largest number of questions. 
Modem, mouse, graphics tablet, digi- 
tal photo camera, personal organiser, 
you mention it, all this equipment is 
designed to exchange data with the 
PC by way of the serial port. The diffi- 
culty with this port is the ever-changing 
number of control signals employed: 
sometimes three, sometimes five, and 
then again eight! This should not be a 
problem, though, if only the transmitter 
and the receiver use the same com- 
munication settings. 

The problem is aggravated by the 
fact that there is a difference between 
a DTE (data terminal equipment, for 
example, a PC or a printer), and a DCE 
(data communication equipment, for 
example, a modem). As a result, two 
computers that have to communicate 
with each other {i.e., two DTEs), have to 
be connected by a different cable 
than, say, a computer (DTE) and a 
modem (DCE). 

Note, however, that there are still lots 


System requirements 
IBM PC XT, AT or better 
MS-DOS 3.1 or later 


er ' Monochrome or colour videocard 
\. . \ Minimum 256 kBytes memory free 
oe Floppy disk drive (3.5 in.) 


Min, two free serial ports 
(If only one port is available, one-way data traf- 
fic may be monitored) 


Com-Watch is a registered trademark of CER International b.v. 
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of pitfalls even if the right hardware 
(wires and connectors) is used. There is, 
for instance, the baud rate to take into 
account, the number of data bits (7 or 
8), the number of stop bits and the par- 
ity check. 

Considering all these potential prob- 
lems, it is surprising to see that so many 
serial links work just fine. 

The complexity of the matter is evi- 
dent from the very fact that so many 
different systems have been developed 
to analyse serial connections, and 
resolve conflicts. COM-watch is a sys- 
tem developed by CER international 
specifically for this purpose. Using very 
little hardware and a DOS program, all 
traffic on an RS232 link may be scruti- 
nised in great detail, allowing the user 
to detect the cause of the communi- 
cation conflict, and, of course, elimi- 
nate the source of the problem. 

CER International and Flektor Elec- 
tronics jointly offer the program at a 
special reduced price. The associated 
hardware is simple to make, and you'll 
find it described further on in this article. 


The approach 


The basic operation of COM-Watch is 
illustrated in Figure 1, In principle, there 
are two ways of analysing a serial link: 
actively or passively. Com-Watch sup- 
ports both, so that the system can really 
be called versatile. 

The first approach that comes to 
mind is to observe the operation of an 
existing link. This is shown in Figure 1a. 
The method as shown employs passive 
analysis. Wo apparatus communicate 
by means of a serial connection. Using 
a special adaptor (which will be 
reverted to below), the link is ‘tapped’. 
A PC running the COM-Watch software 
then analyses the data traffic, and 
attempts to make sense of any errors 
that occur. Note that the PC used for 
fault analysis does not partake in the 
data traffic: it merely acts as an 
onlooker, i.e., its role is passive. The PC 
uses two serial ports (Channel 1 and 
Channel 2) to monitor the communica- 
tion process: one for the data traffic 
from DCE to DTE, and for DTE-to-DCE 
traffic. Both channels have their own 
connection on the interface board to 
be described. 

On the PC, serial ports COMI 
through COM4 may be used for Chan- 
nel 1 and Channel 2. For maximum 
functionality, two physical ports are 
needed. If only one port is available, 
then the channel to use for a particular 
set of signals may be found in Table 1. 
By changing over to another connec- 
tor on the interface board, the entire 
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Figure 1, Using COM-Watch, data traffic may be analysed in two ways, passively {a} or 
actively (b). The passive approach requires a special adaptor. 


communication process may be still 
analysed with just one extra action, 

In passive mode, all data traffic is 
monitored, but not affected in any way. 
In true Sherlock Holmes tradition, Com- 
Watch tries to observe what is happen- 
ing, and detect flaws without any of the 
‘suspects’ noticing. On the display of 
the PC running the Com-Watch pro- 
gram appears a detailed analysis of 
the problem situation. 


The active alternative 


If you are having problems in getting a 
serial port to work at all, Com-Watch 
offers an active mode to help you sort 
it all out. Figure 2b shows how it works. 
Via its serial port the analysing com- 
puter communicates with the periph- 
eral, and so collects as much informa- 
tion as possible. The display shows 
which data is sent by the PC, and 
which data is returned. The switching of 
several control signals is also easy to 
follow. This measurement method does 
not require specific hardware. 

Data received by the computer is 
displayed by the software via Chan- 
nel 1 (remote channel), while that sent 
by the computer to the peripheral 
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apparatus may be viewed on Chan- 
nel 2 (local channel). The latter Chan- 
nel is only implemented in software, 
and therefore does not require a phys- 
ical serial communication port. 

On paper, the approach used by 
Com-Watch may look complex. In 
practice, the process is self-evident. The 
internal context-sensitive Help function 
makes working with the software much 
easier. 


A little hardware 


To be able to analyse the connections 
sketched in Figure 2a, a special adap- 
for circuit has been developed. As 
shown in Figure 2, this is a very simple 
circuit. For do-it-yourself construction, a 
single-sided printed circuit board is 
available. Few of you will object to the 
one disadvantage of a single-sided 
board: having to fit a couple of wire 
links. The copper track layout and com- 
ponent mounting plan of the PCB are 
given in Figure 3. Actually, ‘compo- 
nents’ is limited to a few wire links and 
connectors that enable the serial link to 
be ‘tapped’. So, we think you will agree 
with us that this is a very simple circuit 
indeed. 


3 = 2/99 


Script language 
COM-Watch has an extensive script language, which allows 
almost any problem to be pinpointed, even if it occurs sporad- 
ically. This overview lists the commands available for making 
scripts. Script files intended for COM-Watch have the extension 
CWS. 


Syntax 

[{] means optional 

| means ‘or’ 

drive: specifies disk station 

path: specifies location 

filename: self-evident 

string: a series of characters enclosed in brackets 

control: specifies the status of control signals the system has to 
wait for. The following options are available: 


CTS = on | off 
DSR = on | off 
RI = on | off 
CD = on | off 
BRK = on | off 
FE = on | off 
PE = on | off 
OE = on | off 


Description of script commands 

CAPTURE = on | off 

Determines whether or not data from connected equipment has 
to be stored in a buffer, for iater analysis. 


CHDIR [drive:Jpath 
Change current directory 


EXIT [PROGRAM] 

Leave the script program and return to analysis mode. If the 
parameter PROGRAM is added, the program returns to DOS 
mode. 


GOTO /abel 
Only the first 8 characters of a label are used to distinguish it from 
other labels. Up to 100 labels may be used in a script. 


KEYBOARD on | off 
Switch the keyboard on or off. This allows you to simulate a ter- 
minal. 


MATCHCASE on | off 
Determine if the script language is case sensitive or not. The 
default is MATCHCASE off. 


SEND string 
Transmit a text line to the connected peripheral, for example, a 
modem initialization string. 


SEND FILE /drive:j[path]filename 

Transmit the indicated file to the peripheral. 

SET CHANn = COMm | off 

Select a communication port. For parameters n and m the val- 
ues 1 through 4 are available. A COM-Watch channel is 
switched off with off. 


SET CHANn IDENT = string 

Defines an identification string for a channel. Parameter n is 
either 1 or 2, Only the first 10 characters of a string are used by 
the program. 

The default identifiers are 

CHAN] IDENT = Channel #1 

CHAN2 IDENT = Channel #2 
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SET COMm = baud, parity[,data,[,stop]]] COMm 

Specifies the COM port, with m between 1 and 4. 

baud 

Specifies the communication speed; available values are 110, 
150, 300, 600, 1200, 2400, 4800, 9600, 19200, 38400, 57600 
and 115200. 

dota 

Specifies 7 or 8 databits 

stop 

Specifies the number of stop bits. 

The default values are copied from DOS. 


SET DISKSTREAMING on,/drive:][pathjfilename | off 
If no extension is given with the filename, the program chooses 
the extension .cwd. 


SET FORMAT mnem | ascii | hex | dec | oct | ebcdic 
This command changes the current format into the selected for- 
mat. 


SET RINGBUFFER on | off 
Switch the ring buffer on or off. 


SET SENDDELAY milliseconds 

This is used to set the length of the pause between consecutive 
characters in the transmission of data. The available range is 0 
to 100 ms. The default is no deiay. 


SET TIMESTAMPING abs | re/ | date | off 
This command is used to select the operation of the time stamp- 
ing system. 


SET VIEW split | mixed | channel 1 | channe/ 2 | event | active 
This command is used to set the current display mode. 


WAIT COUNT_EVENTS number 
Determines how many events must have occurred before exe- 
cution of the script is continued. Maximum value: 1000. 


WAIT DATA_EVENT [CHANn] string [control] 
Interrupts the execution of a script until the stated data have 
been received. 


[CHANn] 

This may be used fo optionally define the channel. If no chan- 
nel number is indicated, both channels are monitored. 

string 

Specifies the string to wait for. 

control 

Specifies the status of the control signals to wait for. 


WAIT DELAY hundredths_of_seconds 
Execution of the script is halted and resumed after the specified 
delay. 


WAIT KEYSTROKE sfring 
Execution of the script is halted and not resumed until the spec- 
ified text has been entered via the keyboard. 


WAIT TIME_EVENT [month-day-year] hours:minutes:seconds 
This specifies the date and time when script execution is to 
resume. Month, day and year are optional. 


WHEN DATA EVENT [Chann] string [control] [, command] 
Indicates which action has to be taken if a specific situation 
arises, 


CHANn 


This command allows you to optionaily specify the channel. If 
no number is supplied, both channels are monitored. 
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string 

This specifies the text to wait for. 

contro! 

Specifies the status of the control signals to wait for. This is an 
optional addition. 

command 

Defines the action to be taken if a condition is satisfied. 


WHEN KEYSTROKE string/, command] 

This command specifies the action to be taken after a string has 
been entered. 

string 

Specifies the text to wait for. 

command 

Specifies the action to be taken when the condition is satisfied. 


WHEN TIME_EVENT /[month-day-year] hours:minutes;seconds 
[,command] 

This command specifies the action undertaken when a certain 
time is reached. 


The component mounting plan in 
Figure 2a shows the locations of the 
wire links if the interface is employed for 
analysing regular serial links (RS232). If 
you require support for a symmetrical 
serial bus like RS422, another configu- 
ration is in order. The relevant ‘constel- 
lation’ of the wire links is shown in Fig- 
ure 2b. D25 and D9 connectors are fit- 
ted at both sides of the PCB. If you do 
not envisage ever needing one of the 
two, then simply omit the relevant con- 
nectors. If you only use the 9-pin ver- 
sion, the board may be made much 
smaller by omitting the 25-pin connec- 
tors. 

The link to the PC (carrying the infor- 
mation employed for Channel 1), Is 
made using two 9-way (male) connec- 
tors. 


“ 


“41S t? aie |S n 
2 3 iz] a a 

4 4 = 
6 o a =] 


The software 


COM-Watch is a program which runs 
under the DOS operating system. It is 
suitable for analysis of data traffic 
between a DTE and DCE. Fortunately, 
the fact that the DOS environment has 
been chosen for the program does not 
preclude its use under the Windows 
operating system. When the program is 
started, it simply claims the entire 
screen, temporarily hiding Windows. 
Install the software on drive C: ina 


month 

Specifies the month; valid numbers are 1 through 12. 

Gay 

Specifies the day; valid numbers are 1 through 31. 

yeor 

Specifies the year; valid numbers are 1980 through 2099. 
hours:minutes;seconds 

Specifies the exact time at which the script is to be executed. 
hours 

Specifies hours, valid numbers are 0 through 23. 

minutes 

Specifies minutes, valid numbers are 0 through 59. 

seconds 

Specifies minutes, valid numbers are 0 through 59. 

Command 

This is the command to be executed when the indicated date 
and time are reached. If no command is entered, COM-Watch 
will switch off the previously defined WHEN DATA_EVENT with the 
same string. 


TTETFFET 


el 
a 
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directory called ComWatch. If you 
want to use another drive, say, D:, then 
type 


a:install d: 
Any other drive number may be used, 


provided it exists. 
After entering 


cts 
i 


o 
a 
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DTE > DCE DCE > DTE 990013 - 13 


Figure 2a. Circuit diagram of the adaptor used for measurements in passive mode 


[drive][path] Comwatch.exe (RS232 version). 
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comes so ear 
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Rae 2 See it ee 
acts | [TT li cTS-_13 
TxD- 
22s Ree the program starts in full-screen mode. 
pee If the hardware has been connected 
2a) pe EES up, the measurement session may start. 
aD ee The screen shows quite a few things. 
ia bso Fortunately an interactive and context- 
+++} sensitive Help function is available, so 
22s Pees that everything will soon be clear. 
9 é Table 2 shows the functions assigned to 
= various keys. 
5 


After connecting the hardware to the 
PC, you first have to configure the soft- 
ware. As you can see from the table, 
this is done with the aid of function keys 


; Ase te oy ; F5 and Fé, Once you have entered the 
Figure 2b. Circult diagram of the adaptor used for measurements in passive mode tight data, the program is ready for use. 


(RS422 version}. 
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Table 1. Signal allocation on 25-pin and 9-pin RS232 connection. Table 2. COM-Watch function keys 
D-25 D9 description monitored DTE-DCE FKey Normal +Ctrl 
1 screening Fl Help Go to position 
2 3 transmitted data TxD yes (#1 DTE > : 
3 2 received data RxD yes (#2 < DCE F2 Save as... Go to Time location 
4 7 request to send RTS yes (#1) DIE > 
5 8 clear to send CIs yes #21 rt DCE F3 Open ... Find... 
6 lata set ready yes < ivi 
7 5 pees S.GND y F4 Calculation View/Activity 
8 ] data carrier detect DCD yes (#2) + DCE F5 Settings View/ 
9 reserved 
10 reserved Channel! 1 Channel 1 
11 free ; 
12 data carrier detect ch. 2 no = DCE re Settings View/ 
clear to send ch. no + 

14 transmitted data ch. 2 no DIE + Caran? Gina 
15 transmitted sign. elem. timing no DTE > F7 View View/Split 
16 received data ch. 2 no < DCE i 
z —— sig. elem. timing no + DCE F8 Format Format/ 

ree 
19 request to send ch. 2 no DIE > Mnemonic | 
a 4 : a term. ready DIR yes (#1) DTE > FO Capture Set Start { 

ee 1 
Ze 9 ting indicator RI yes (#2) <« DIE Mode marker to i 
23 data rate select no DIE > 7 
24 transm. sign. elem. timing no DTYE > Current position 
25 FIO Analyse mode Set End marker 
Note: t 
signals processed via 1st COM port (#1) DTE > DCE omen 
signals processed via 2nd COM port (#2) DTE < DCE position 
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Finally we should mention that a 


more extensive version of the program 
is available. More information may be 
found on the CER Internet website at 
www.cercom. 


The PCB is available ready-made from 
the Publishers as order number 
990013-1. 

The COM-Watch program is available 
on floppy disk (DOS) as order number 


986035-1. 


+Alt +Shift 
Go to top Go to Start marker 
Go to Bottom Go to End marker 
Next match Next error 
Previous match Previous error 
Com poort Baudrate 
Channel 1 Channel 1 
Com port Baudrate 

_ Channel 2 Channel 2 
View/Mixed View/Events 
Format/ASCll Format/ 

Hexadecimal 

Set Start Set Start 
marker to marker to 
Top position Entered position 
Set End marker Set End marker 
fo bottom to entered 
position position 
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Figure 3. Copper track layout and component mounting plan of the adaptor board 
used for the passive monitoring system. Figure 4a is for the R$232 version, Figure 4b for 
the RS422 version 
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Over the past few years the computer has changed 
from a word/graphics processor to an all-round unit 
that, among others, is suitable for recording and 
reproducing audio and video signals. Particularly as 
regards audio reproduction, a number of different 
formats have come into being. This article describes 
the more important of these briefly and the currently 
popular MP3 in some detail. 


By cour Ecditeorical Stcatf 


digital audio formats 


more sounds from your computer 


zation. The rate at which the conver- 
sion takes place in the case of a CD is 
44100 times per second for the left- 
hand channel and the same number 
of times for the right-hand channel. 

Since the resolution of a CD is 
16 bits, the quantization of an audio 
signal results in a bit stream of about 
1,4 Mbit/s. This bit stream, together with 
additional data for error correction 
and other information, is recorded on 
the disc. During playback, the 
process is simply reversed: the 
data on the CD are read by a 
laser and translated by a dig- 
ital-to-analogue converter 
(DAC) into analogue sig- 

nals. 

Audio signals in a 
computer are processed in a 
similar manner. The requisite electron- 
ics forthe ADC and DAC is contained 
on the sound card, while the hard disc 
normally functions as the storage 
medium. In a computer, the bit stream 
is written into a data file. 

The storing of the binary words 
requires a large amount of space: 
about 1 Mbyte for every six seconds of 
sound of CD quality. There are several 


pos- 
sible applica- 
tions, and the diversity of 
types of computer that have come 
about in the past ten years or so, a 
multitude of file formats for storing the 
audio signals have ensued. 


quantization 


introduction 

Today, a computer without sound is a 
rarity. Whether it concerns a sophisti- 
cated computer game or the simple 
warning bleep accompanying various 
commands, sound is a must. Sound 


has become important even for 
Internet users. Nowadays, you can lis- 
ten to radio broadcasts or download 
music via the net. Owing fo all these 
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Thanks to the introduction of the com- 
pact disc (CD) almost 20 years ago, 
many people know what is understood 
by digital sound. Briefly, for those who 
do not, the analogue (proportional) 
audio signal is translated by an ana- 
logue-to digital converter (ADC) to a 
large number of binary words. This 
process is called quantization or digiti- 


means of limiting this space require- 
ment. One is lowering the sampling 
frequency from 44.1 kHz to, say, 10 kHz 
which reduces the bandwidth. An- 
other is recording the signal in 
mono(phonic) instead of in stereo 
(phonic) format, which degrades the 
quality. A third is lowering the resolution 
from 16 bits to, say, 8 bits, which tends 
to degrade the signal-to-noise ratio 
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and increase the distortion. A fourth, 
widely used, method is compressing 
the signal during recording and 
expanding it during playback. 

Almost all computer systems (Atari, 
Unix, Intel, and so on) have their own 
specific file format, which has resulted 
in the same confused situation as 
exists in the case of pixel formats. That 
is to say, there is a bewildering multi- 
plicity of formats, which does not help 
the consumer. This situation is not 
improved by the addition of yet more 
formats via the Internet. 

JTable 1 gives an overview of the 
most frequently encountered formats 
together with a brief description. 


to compress 
or not to compress 


Compressing an audio file is fairly 
complex because certain similarities 
between the large number of samples 
are not easily determined. 
Consequently, there are only a few 
lossless Compression methods for 
audio signals. One of these is the 
ADPCM standard (in Windows) for the 
popular WAV format. 

It is, however, possible to compress 
audio signals if some loss of detail is 
acceptable, as in the processing of 
digital images. In the case of digital 
images, the compression method is 
laid down by the Joint Photographic 
Expert Group (JPEG), a subgroup of the 
Joint Technical Committee 1 (JCT1) of 
the ISO (International Standards 
Organization — consultant to the United 
Nations) and the IEC (International 
Electrotechnical Commission). Another 
sub-group of the JCT1, the Motion 
Pictures Expert Group or MPEG, has 
laid down a standard for audio com- 
pression: the MPEG format. Currently, 
MPEG-1 Layer 3 (MP3) is the popular 
format for Internet users. 


real time audio 


In the early days of audio in comput- 
ers, the entire audio file had to be 
loaded into the computer memory 
before it could be played back. This is 
particularly irksome during download- 
ing of files via the Internet. 

With the advent of fast modems it 
has become possible for techniques to 
be developed that enable sound files 
to be played back during the down- 
loading, A particularly worthwhile con- 
tribution to this has been made by a 
process called ‘AOD’ (Audio On 
Demand), ‘real time audio’ or ‘stream- 
ing audio’, a product of the company 
RealAudio. 
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Table 1. 
Overview of the most frequently encountered audio formats 


AIF A format originally developed for the Macintosh. It is quite popular on the 
Internet and offers many different sampling rates and resolutions. Netscape 
and Microsoft browsers have no difficulty working with it. 

AU Originates from NeXT and SUN and was popular on the web and is still in use 
today. There are a number of variants, but normally the data are compressed 
to an 8-bit format with the u-law standard. Most browsers can work with it. 

ES A streaming audio format from EchoCast. Players are available for Windows 
and Macintosh. 

IFF An Amiga sound format that handles only 8-bit mono sound; it allows a free 
choice of the sampling rate. 

LCC A high-compression format (ratios up 1:50 are possible) currently available 
for Windows only, but other versions are under development. 

MID The MIDI format is not a true audio format, but a standard for exchanging 
control data between electronic musical instruments. Browsers can handle 
MIDI via a plug-in. 

MOD An original Amiga format that is reminiscent of MIDI. An MOD file contains a 
bank with samples and instructions how these samples are to be played. 
Requires a MOD plug-in. 

MP3 The most popular current audio format. Various plug-ins are available. 

RA, RAM, RPM __ A popular streaming audio format on the Internet from RealAu- 
dio. Plug-ins are available for virtually all platforms. 

SND Apple, Amiga and Tandy have used this suffix for sound files. Some variants 
are compatible with the AU format. 

STR_ A format for professional sound processing on the Macintosh. 

VDO Another streaming audio format. It requires a plug-in as such as a VDO live 
player. 

VMD A streaming audio format named Internet Wave. It comes with a free 
encoder/decoder for Windows. 

VOC The Voice format, which is a development of Creative Labs, maker of the well- 
known Soundblaster cards. 

WAV The much used wave format has become well known since the introduction 
of Windows. It offers many different sampling rates, resolutions and com- 
pression factors. 

XDM An MPEG format from StreamWorks for streaming audio. There is a special 
player for Windows. 


MP3: good quality 

with high compression 
Currently, MP3 is the most popular of 
all audio formats. In a very short time, 
this audio compression protocol has 
gained a strong position as music 
compressor. Many modern computers 
come with MP3 encoding and decod- 
ing software installed. Also, large num- 
bers of MP3 files are being disseminat- 
ed via the Internet and there are 
already compilation CDs that contain 
MP3 files. Some manufacturers have 
started to make available an MP3 
Walkman™: a solid-state portable CD 
player which uses a flash memory as 
carrier. 


developed for DAB 


As a contributor to the pan-European 
Eureka 147 project (to develop a ter- 
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restrial digital audio broadcasting sys- 
tem - DAB), the German Fraunhofer 
Institut fur Integrierte Schaltungen 
(Fraunhofer Institute for Integrated 
Circuits) has developed a codec 
(coder/decoder) for DAB in which the 
perception of the listener plays an 
important role. 

The relevant algorithm takes into 
account certain properties of human 
hearing and on this basis determines 
whether a certain aspect of the sound 
in a piece of music is likely to be per- 
ceived by the listener or not. 
Depending on this likelihood, it further 
determines whether the relevant data 
should be included in the bit stream or 
not. This results in a redundancy com- 
pression system that enables a sub- 
stantial data reduction without 
degrading the sound 

The algorithm has been further 
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Figure 1, Each MPEG-1 layer makes use of a 32-bit filter bank. Whether the signa! 
becomes masked or not Is determined after it has been quantized. 


enhanced by IIS in cooperation with 
the University of Erlangen and has 
been accepted as ISO MPEG-1 
Layer-3 (IS 11172-3 and IS 1381 8-3). 


layer 1,2 o0r3 


Without data reduction, audio signals 
contain 8-bit or 16-bit wide samples 
which are taken at a rate that is twice 
as high as the highest frequency in 
these signals. 

It has already been stated that the 
digitization of an audio signal results in 
a bit stream of about 1.4 Mbit/s. A 
state-of-the-art Compression system 
can compress this by a ratio of 1:12 
without an audible degradation of the 
sound. Reduction ratios of up to 1:24 
are possible and still result in a sound 
quality that is superior to that when the 
sampling rate or the resolution are 
reduced to obtain a comparable 
compression. 

The MPEG-1 standard describes 
three layers of compression: Layer 1, 
Layer 2, and Layer 3. All three are 
capable of producing sound of near- 
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CD quality. Table 2 gives an overview 
of the characteristics of these layers. 
The definitions within the norm refer 
only to the encoder and the data for- 
mat used. This information enables 
manufacturers to design a decoder to 
their own requirements. 

If stereophonic reproduction is not 
used, and if furthermore a restricted 
bandwidth is acceptable, even higher 
compression ratios can be used. The 
highest of these, Layer 3, uses the low- 
est bit rate and produces the best 
sound quality. 

The three codecs are hierarchically 
compatible, which means that a 
decoder for Layer 3 can also be used 
with Layers 1 and 2. This is, however, 
not possible the other way around. 

The higher the number of the layer, 
the more complex the encoder 
becomes and the higher the compres- 
sion ratio that can be used. 

Table 2 also shows the possible 
compression ratios attainable with 
Layer 3 and what these can be used 
for. 

Listening tests with mixed audiences 


show that the performance of Layer 3 
remains excellent with a compression 
ratio of 1:12 - which is associated with 
a bit stream of 64 kbit/s per audio 
channel. If for certain applications the 
bandwidth can be limited to 10 kHz, 
good stereo reproduction is possible 
with a compression ratio of 1:24. 


uniform structure 


All three layers have the same struc- 
ture. Their encoding technique is 
known as perceptual noise shaping or 
perceptual subband transform cod- 
ing. The encoder analyses the spectral 
components of an audio signal with 
the aid of a filter bank (see Figure 1) 
and uses a psychoacoustic model to 
determine the discernible noise levels. 
Subsequently, the information is quan- 
tized and encoded in a manner which 
ensures that two important conditions 
are taken into account: the maximum 
bit stream and the masking effect. 

All three layers use the same filter 
bank with 32 subbands. They all permit 
sampling rates of 32 kHz, 44.1 KHz, 
and 48 kHz, and are capable of work- 
ing with bit streams of 32 kbit/s or high- 
er. 


background 


To achieve a substantial reduction of 
the requisite digital bandwidth, 
MPEG-1 Layer 3 uses several tech- 
niques and short-cuts, The most impor- 
tant of these are: 


* lower threshold of hearing 
* masking effect 

* a store of bytes 

* joint stereo 

* Huffman coding 


Lower threshold of hearing 

Research has shown that the lower 
threshold of human hearing is not lin- 
ear: it peaks between 2 kHz and 5 kHz. 
Its properties are described by 
Fletcher and Munson. It is not neces- 
sary to encode sound that lies below 
the threshold since the listener cannot 
hear it. 


Masking effect 
Use is made of the fact that human 
hearing does not perceive weak 
sounds that are totally or partially 
masked by (much) stronger ones. 
Research shows that owing to the 
masking certain sounds need not be 
encoded, which saves quite a lot of 
space. All MPEG-1 Layer 3 encoders 
therefore contain a psychoacoustic 
mode! in which the properties of 
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human hearing are incorporated. 


Store of bytes 

It offen happens that a passage of 
music cannot be encoded with the 
available bit rate. The quality of the 
sound must then be adapted tem- 
porarily to enable the bit stream to 
match the capacity of the digital 
channel. MPEG-1 Layer 3 uses a buffer 
that provides some additional capac- 
ity in such circumstances. The buffer is 
emptied when sound is encoded at a 
bit rate lower than that available in the 
channel. 


Joint stereo 

Many small stereo hi-fi systems use a 
commen woofer. In spite of this, the lis- 
tener gets the impression that the 
sound does not emanate from this 
loudspeaker, but rather from the satel- 
lites. Research shows that below a cer- 
tain frequency the human ear is not 
able to judge from which direction the 
sound comes. Compression tech- 
niques can make use of this property 
by not including stereo information 
below a certain frequency. This means 
that below that frequency the signal is 
encoded in monophonic form only. 


Huffman code 

The encoding of MPEG-1 Layer 3 uses 
a classical technique: the Huffman 
code. This is used after the actual data 
compression has taken place to 
encode the digital information. It is, 
therefore, not a compression system 
but a very efficient encoding tech- 
nique. The Huffman algorithm gener- 
ates a code of variable length and a 
whole number of bits. Important sig- 
nals are allocated a short code, less 
significant ones, a longer code. 

Since Huffman codes have a specif- 
ic header, they can be decoded per- 
fectly in spite of the variable length. 
Decoding is very fast since use can be 
made of a table. The technique gives 
d space saving of some 20 per cent. 

The Huffman technique is an ideal 
complement to the perception- 
dependent compression. In passages 
containing many frequencies simulta- 
neously, the percepfion-dependent 
encoding provides an appreciable 
reduction by eliminating masked sig- 
nals. Since few identical signals occur, 
the Huffman code has little effect. 

During passages with few different 
sounds, not many masking effects 
occur. This is when the Huffman code 
saves considerable space since there 
is much redundant information, Such 
passages can, therefore, be repre- 
sented by short codes. (9920017 
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Table 2. The modes of MPEG-1 audio 


Compression factor method comments 

1:4 via Layer 1 stereo signal results in a bit stream of 
384 kbit/s 

1:6 - 1:8 via Layer 2 stereo signal results in a bit stream of 
256-192 kbit/s 

1:10 - 7:12 via Layer 3 stereo signal results in a bit stream of 
128-112 kbit/s 


ORG - MPEG Audio Layer 3 (MP3) - Netscape 
Ble Edit. View Go Communicetor Help 


"Sak" Bookmarks: fi Location: hte /wew.mpeg org/MPEG/mp3 Atm 


iisxdorG) =—ss MPEG Audio 
| Layer 3 (MP3) 


Advanced Search & Tips 
Home | News [ Starting Points & FACs | DVD | 


G | Video Players | Audio Players | Bitstream: | 
Systems | Video | Audio | MP3 | AAC! | Compas Product Reviews | Search Softwares and Products 
| Links | Adwertising | Feedback 
rs . a Download wplay mpi player 
b for Windows86/NT oo CEE Beuacs 
Click here to "Vote" for WPlay on mp Zhench! 
The Best MP3 Resources! ai 
” 
ab pao 6" [delist iia Oe a ae et 


There is much information and many links at www.mpeg, org. 


Table 3. Facilities available with MPEG-1 Layer 3 


Sound quality Bandwidth (kHz) Mode Bit rate (kbit/s) 
Compression factor 

Telephone 25 mono 8 
1:96 

Better than shortwave 4.5 mono 16 
1:48 

Better then medium wave 7.5 mono 32 
1:24 

FM radio 17 stereo 56-64 
1:24 — 1:26 

Near-CD 15 stereo 96 
1:16 

CD >15 stereo 112-128 
1:12 — 1:14 
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With a modest number of components, the standard 
PC printer port can be transformed into an I/O system 
with up to 256 I/O lines. This article completely 
describes both the hardware and the necessary 
BASIC software. The hardware can also easily be 
controlled using other programming languages. 


Desiqgim koy MO HIM poe 


printer port extension 


up to 256 I/O lines on a standard printer port 


Figure 1. The schematic diagram of the bus unit, which is the heart of the I/O system. 
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U2 = 74LS04 
U3 = 74LS05 
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It can hardly be said often enough 
that the PC was primarily developed to 
meet the needs of the office environ- 
ment. This basically means that in the 
overall design, a lot of attention has 
been given to connecting standard 
peripheral equipment, such as printers 
and modems. Analogue and/or digital 
inputs and outputs, which would be 
useful to the user who wants to perform 
control tasks, are thus simply not pre- 
sent in a standard PC configuration. 

The circuit that is presented here, or 
better said the complete system, was 
originally named ‘Paraport’ by its 
developer, since it is an I/O extension 
for the parallel port. It provides a large 
number of digital I/O lines for a normal 
PC at a modest cost. If you decide on 
the maximum configuration, — this 
amounis to 256 lines. Although it might 
seem natural to arrange these as 128 
inputs and 128 outputs, you are free to 
divide the lines between inputs and 
outputs as you desire. 

The inputs work with TTL levels, while 
the outputs have buffers with open- 
collector outputs, so that they can 
directly switch relatively heavy loads. 
Thanks to the modular nature of the 
design, you can build exactly the 
amount of hardware that is needed to 
satisfy your specific needs. There is 
thus no need for any unnecessary 
investment, and the hardware can be 
kept as compact as possible. 


Design approach 


As already mentioned, fhis project is 
based on a modular design. There are 
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Figure 2, Up to 16 of the I/O units shown here can be connected to the bus unit. 


two types of units: an interface to the 
printer port (the bus unit) and the actual 
VO unit. Each I/O unit provides eight TTL- 
compatible inputs and 8 buffered out- 
puts, Up to 16 I/O units can be connect- 
ed to the bus unit. In the maximum con- 
figuration, a total of 17 circuit boards 
are thus connected to the printer port. 


The hardware 


Figure 1 shows the design of the bus 
unit. This circuit contains a number of 
inverters that adequately buffer the 
printer port signals. Since the standard 
printer port is intended to function pri- 
marily as an output port, recourse is 
made to several control lines of the 
port for input data. The data lines DO 
through D3 from the PC are used for 
data output, and the control lines 
Acknowledge, Busy, Paper Empty and 
Select are used for data input. The 
remaining four outputs (D4 through D7) 
are used to address the sixteen I/O 
modules. Finally, the Strobe signal has 
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990015 - 13 
Figure 3. The internal structure of the 82C43, a controller with five 4-bit ports. 
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Figure 4, The copper-track layout and component overlay for the bus unit card, as made by the author, 


COMPONENTS LIST 
bus-unit 


Resistors: 
Ri = 47kQ 
RA1 = SiL array 9 x 47 kQ 


Capacitors: 
C1,C2 = 100nF 


C3 = 100uF 25V 
C4 = 47uF 25V 


Semiconductors: 
Ui = 7805 

U2 = 74LS04 

U3 = 74LS05 


Miscellaneous: 

K1 = 25-pin angled sub-D connector, 
male, PCB mount 

K2 = 2-way PCB terminal block 

K3 = 16-pin boxheader, angled, with 
eject levers 


Figure 5. The copper-track layout and component overlay for the 1/O unit. 
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also been assigned a function. It 
ensures that the I/O system reads the 
data on the DO through D3 lines at the 
proper time; these lines are used for 
both data and commands. Only one 
such bus unit per printer port is need- 
ed for this project. 


COMPONENTS LIST 
/O-unit (up to 16 off) 


Resistors: 
RA1,RA2 = SIL array 8 x 47k22 


Modular design U5,U6 = DIL array 6x330Q * 


The I/O units are connected to the bus 
unit. Figure 2 shows the design of a 
single /O unit. The heart of this unit is 
an 82C43 IC, which is a port expander 
chip that was specifically developed 
by Intel to expand the I/O capabilities 
of its 8048 processor (the predecessor 
of the 8041/51 processors), For those of Miscellaneous: 

you that are not familiar with the oper- K4 = 16-pin boxheader, angled, with 
ation of the 82C43, a short explana- eject levers 

tion is in order. The IC is supplied in a ie het ig boxheader, angled, with 
24-pin package and contains five 4- ona 

bit bi-directional ports (labelled P2, P4, sac de hai 

P5, Pé and P7) and two control inputs 
(PROG and CS). Figure 3 shows the * see text 
internal organization of the 82C43. The 


Capacitors: 
C5 = 10uF 25V 


Semiconductors: 

U4 = 82043 or 8243 (Intel) 
U5,U6 = ULN2803* 

U7 = 74LS688 
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port numbering may seem to be a bit 
strange, but this is due to the fact that 
this IC was intended to be used in 
combination with an 8048 microcon- 
troller, which already has several ports 
of its own. 

One of the 4-bit ports (P2) is used for 

communication with the printer port, 
and is thus connected directly to the 
printer output lines DO through D3, This 
leaves 16 lines free for I/O functions. 
Tne Strobe signal from the printer port 
is connected directly to the PROG 
input of the 82C43, and thus controls 
data input. The remaining control 
input of the 82C43 (CS) is connected 
to an address decoder based on a 
74LS688. 
The 74LS688 is an old acquaintance. It 
is a word comparator that is very often 
used in address decoders, as in this 
project. The module address is select- 
ed by the 4-pole DIP switch SW1, in the 
range of 0 through 15. If the address 
selected by SW1 is equal to the value 
present on the address bus, the 
decoder output goes low, which 
selects the I/O unit in question. 

As can be seen from the schematic 

diagram, every I/O line has the same 
structure. This means that every line 
can be used as an input line or an out- 
put line, as desired. However, the 
selection (either input or output) must 
be made for a set of eight lines at a 
time, since the buffers used here are 
packaged eight to a chip. 
If a set of lines is to be used as inputs, 
the associated integrated buffer 
(ULN2803) must be removed and 
replaced by an 8-position, 330-9 
resistor array. This array must be 
housed in a DIL package, so that it 
can be plugged into the socket pro- 
vided for the buffer IC. When inserting 
the resistor array, you must be sure that 
all inputs are connected to their asso- 
ciated outputs. They are all arranged 
directly across from each other, so the 
only thing you need to do is to take 
care that the resistor array is properly 
inserted in the socket. When ii is cor- 
rectly placed, pin positions 9 and 10 
of the socket will be open. The pull-up 
resistor array ensures that open inputs 
are held at a defined logic level. 
Since the inputs are only suitable for 
TIL signals, the actual input signals 
must naturally also conform to this 
standard. 

If a set of lines is to be used as out- 
puts, the associated ULN2803 must be 
installed. This IC has open-collector 
outputs. Since the loads connected to 
the outputs may be inductive, each 
output has a built-in protection diode. 
The cathodes of all these diodes are 
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* REM PARAPORT programming example 
’ Written by Vincent Himpe 


printerport initialisation 
LPT1= &h378 &h379 &h37A 
LPT2= &h278 &h279 &h27A 
PRN = &h3BC &h3BD &h3BE 


s/s Om 


controller instruction set 


‘ 

‘ read = 0 
‘ write = 4 
‘ Write_or = 8 
‘ Write_and = 12 


* ports numbered 0 through 3 : 


4 this corresponds to chip ports 


* 4 through 7 (pin names) 


SekkkkKAKKEKK TNitialisation ***** 


OUT &h378,255 ‘ set all tol 


OUT &h37A,0 * pull strobe high 


SEEKER KKKEK KEK Write KKK KKKKEKK 


‘ formula to compute command word: 
* (Cardaddress *16)+command+port 


example : 
(1*16)+ 4 +1 = 21 


out &h378,21 
out &h37A,1 ‘ strobe low 

‘ formula to compute data; 

* (Cardaddress*16)+data 

‘ so in this case (1*16)+data 


write to port 2 on card 1 


‘ card address + port address + command 


for testing we make the 2 last bits high HHLL = 12 


so the result becomes : 


out &h378,28 
out &h37A,0 


‘ prepare data 
‘ strobe high 


(1*16)+12 


= 28 


‘ data now available on desired port 


4 REE KKHEEKKEEK Read KEKEKKKK 


‘ Command formula: same as with writing, but using diff. command 


* (1*16)+0+1 = 17 


out &h378,17 
out &h37A,1 ‘ strobe low 


‘ card address + port address + command 


out &h378,255 ‘ set controller outputs to high-z 


value = inp(&h379) ‘ read 
value = ((value and &hF0)/16) 
out &h37A,0 ‘ strobe high 


ARE End FRR RR RII 


‘ extract highest nibble 


Figure 6, A BASIC program that can be used to control the I/O system, 


connected to the V, pin. They can thus 
be connected to the highest-available 
potential via connector K5. The earth 
pin is connected to the system earth. 
Each buffer can switch voltages up to 
50 V and currents up to 500 mA, which 
is more than adequate for most appli- 
cations. 


Compact hardware 


Figure 4 shows the copper-track lay- 
out and the component overlay of the 
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printed circuit board for the bus unif, 
while Figure 5 shows the same for the 
VO unit. Both types of circuit boards 
are single-sided, so that you can easi- 
ly make them yourself. The price of this 
approach is that several wire jumpers 
are needed on the bus unit card. 
Fortunately, only one of these has to 
be built, so this is not a particularly 
onerous disadvantage. 

A length of flat cable can be used to 
connect the I/O units to the bus unit, 
since headers are used for the con- 
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nectors on the bus side (K3 and K4). If 
the I/O cards are mounted one on top 
of the other using 10-mm spacers, the 
whole system can be constructed as a 
compact and sturdy assembly. The 
desired address for each I/O card 
must be selected using the associated 
DIP switch; each unit must have its own 
(unique) address. 

A mains adapter with an 12-V DC 
output can be used to power the sys- 
tem. The 5-V supply voltage produced 
in the bus unit is provided to the vari- 
ous I/O units via the bus cable. 


A few lines of BASIC 


Most hardware also needs some kind 
of software, and that is true for this pro- 
ject. Before delving into the software, 
its necessary to give a little more 
attention to the 82C43. Since this IC 
was specifically developed to work 
with an 8048 controller, a special pro- 
cedure must be used to write to and 
read from its registers. This approach, 
which allows data to be read into or 
written from the 8048 with a single 


Table 1. Port selection. 
input/output selected 
adress code input/output 
P21(D1) 20 (DO) 


0 
] 
0 
1 


instruction, can also be used to 
advantage here. 

The 4-bit bus can be used for both 
data and commands. To send a com- 
mand to the IC, the command bits 
must be placed on the bus and the 
level of the Strobe line then switched 
from high to low. Data can then be 
transferred by placing the data bits on 
the bus and switching the Strobe line 
back to high. 

The 82C43 recognizes four basic 
commands: Read, Write, Write_AND 
and Write OR. Logically enough, Read 
is used to read data and Write to write 
data, so these commands need no 
further explanation. With Write AND, 
the new data written to the IC are log- 


Table 2. Command selection. 


Command Function 
P23 (D3) P22 (D2) 
Read 
Write 
ORLD 
ANLD 


ically ANDed with the data that are 
already present in the selected port, 
and the result is retained in the port. 
With Write_OR a similar process takes 
place, except that a logical OR is per- 
formed instead of a logical AND. The 
manner in which the various ports are 
selected and the way that the various 
functions are activated are described 
in Table 1 and Table 2, respectively. 
As can be clearly seen from the pro- 
gram listing in Figure 6, it is not at all 
difficult to work with this circuit in actu- 
al practice. If you study this simple pro- 
gram, you will learn all that you need 
to know to be able to use all functions 
of the I/O system. 
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WHEN ELECTRONICS WAS YOUNG (2) 


Birth of the battery 
Count Alessandro Giuseppe Anastasio Volta (1745-1827) 
belonged to an aristocratic family and was Professor of 
Physics at the universities of Como and Pavia. He became 
interested in a phenomenon described by Galvani in 1786 to 
the effect that “an electric spark, or contact with copper and 
iron, causes a frog’s leg to twitch”. This gave rise to the, for- ; ; ele 
tunately short-termed, belief that animal tissue was neces- interactions of carbon and zinc in an elec- 
sary for the generation of electricity. trolyte consisting of, among others, ammo- 4 
Experiments showed Volta that an electric current nium chlor ide, manganese dioxide, zinc Bex ANS 
could be generated by bringing different metals into contact chloride and water, was described by the A aes 7 
with each other. There are different versions of which metals French physicist Georges Leclanché in Messandro Volta (1745 ... 1827) 
he used: some writers claim silver and zinc, others, copper 1868. The Leclanché cell, improved many 
and zinc, In 1799, he succeeded in making a construction of times since its inception, remains the best known dry or pri- 
metal discs, alternately silver (or copper) and zinc, with mary cell in common use today. 
brine-soaked card between them. This ‘voltaic pile’ as it The secondary battery, invented in 1803 by Johann 
became known was the first man-made source of electricity. Wolfgang Ritter (1776-1808) consists of discs of one metal 
Its invention was made known by Volta to Sir Joseph Banks, separated by circular pieces of cardboard 
President of the Royal Society, in a letter in early 1800. In that are moistened in a liquid that cannot 
this letter, Volta says that he used 25 mm dia. copper and chemically affect the metal. When the 
zinc discs. After his invention was made known, Volta did lit- extremities of this pile are linked to the 
tle further work on the device. His name survives, however, in poles of a voltaic pile, it becomes electrified 
the SI unit of electric potential difference, the volt. and can be substituted for the latter and it 
It is interesting to note that in 1848 Scyffer in his will retain the charge. 
Geschichtliche Darstellung der Galvanisms (Historical However, the first practical sec- 
Notation of Electric Phenomena) states that others besides ondary battery, the lead-acid battery, was 
Volta carried out experiments with dry cells between 1800 produced in 1859 by another French physi- 
and 1812, namely Ludicke, Einhof, Ritter, Hachette, Des- _- “#8t, Gaston Planté (1834-1889). In spite 
ornes, Biot, and others. Several physicists of that era, par- of all sorts of other type of secondary bat- 
ticularly Zamboni, expressed as their opinion that the best tery, the lead-acid battery remains the most 
performance was not that of Volta but that of De Luc. widely used secondary battery in the world 
Be that as it may, Volta’s invention transformed the today. 
study of electricity and was, therefore, invaluable to men 


such as Nicholson, Davy and Faraday. It 
also put paid to the belief that animal tissue 
was needed for the generation of electricity. 

It may be said that all this work 
in the early part of the 19th century was 
experimental. The first reliable, practical 
source of electric current, based on the 
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TEST & MEASUREMENT 


As you may know, the 
combination of a PC 
and a Metex or Volt- 

craft DMM sporting a 

serial interface may 
be used as a record- 
ing oscilloscope pro- 
vided you leave the 
PC switched on and 
connected all the 
time. Because that it 
not always possible or 
desirable, we present 
a datalogger system 
that can make do 
without the PC. 


Some of the latest digital multimeters 
(DMMs) have an extremely useful 
function: a serial interface. By 
linking this to a PC, you get a 
recording oscilloscope for slow 
signals. On the down side, the 
PC then has to be present at the 
measurement location, and left 
running all the time. Besides, 
the DMM occupies the serial 
port during the entire measure- 
ment (which may take several 
days to complete). These disad- 
vantages considerably compli- 


Features 

& Simple to operate 

High accuracy 

~ Supports all DMM measurement ranges 

~ Compatible with Voltcraft and Metex DMMs 
~ Data readout on internal LCD 

~ Simple construction, low cost 


Technical data 
Supply voltage 


Mains adaptor 9-12V cate the use of the DMM as 
Baitery . 9V PPS described, and limit its func- 
Average current drain 6.5 mA Honalipy 
Serial protocol (PC fink) 1200/8/n/2 = 


The datalogger described 
here avoids these problems. It 
automatically captures the dis- 
crete measurement values supplied by 


Design by R. Lock the DMM, puts them in permanent 
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9600/8 /n/2 


datalogger for DMM 


for Metex & Voltcraft DIMMs 


A 
ge 
B 


storage, and, if desired, displays them 
on an LCD, Relatively large data vol- 
umes may still be transferred to a PC, 
for processing later using ‘big gun’ 
spreadsheet/statistics software like 
Excel. 

Another marked advantage of the 
system as described is that the use of a 
multimeter ensures that all measure- 
ment ranges of the instrument in ques- 
tion are available with the relevant 
accuracy. Multimeters with special 
measurement options like temperature, 
power and so on further add to the 
versatility and appeal of the datalogger. 


HARDWARE 

As you can see from the circuit diagram 
in Figure 1, the datalogger is basically a 
‘stand-alone’ microcontroller system 
based on the 80C31. The control pro- 
gram is stored in a type 27C256 
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2x 16 CHAR 
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EPROM with a size of 
32 kBytes. A 62256 
RAM with the same 
size is employed for 
storage of the measure- 
ment data. The micro- 
controller is clocked by = an 
11.0592 MHz quartz crystal. This fre- 
quency may seem odd, but is does 
allow standard baudrates to be derived 
easily. Network R1-Cl provides the 
power-up reset signal. The alphanu- 
meric display is controlled in 4-bit 
mode via serial port 1. 

The RS232 interface in the datalog- 
ger is a minimum-hardware design 
consisting of a transistor buffer/inverter 
on the TxD line and a level con- 
verter/inverter, also transistorised, on 
the RxD line, 

The supply circuit allows the data- 
logger to be powered by a conven- 
tional mains adaptor. By means of 
diodes D2 and D3, an external battery is 
‘OR-ed’ into the circuit, in parallel with 
the mains adaptor. When the output 
voltage from the mains adaptor fails, 
the battery takes over as the power 
supply. In this way, a no-break power 
supply is created, and no further mea- 
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sures are required to 
safeguard the RAM 
data against corruption 
by power disruptions. 
The low-drop voltage 
regulator type LP2950-5 
can be relied upon to completely drain 
the battery to the last microampere- 
hour. In case the datalogger is to be 
powered by the mains adaptor only, a 
more conventional fixed-voltage regu- 
lator like the 78L05 may be used. In the 
inactive state, the circuit draws a qui- 
escent current of about 6.5 mA. With 
battery life in mind, it is fortunate that 
the average current drain of the data- 
logger is not much higher. When a 
measurement takes place, the current 
drain briefly rises to approximately 
20 mA. 


OPERATION 

The first thing to do after switching on 
the circuit is adjust preset P1 until the 
text on the LCD is clearly legible. The 
first text to appear will be DMDLE12. 
The datalogger is operated with the 
arrow keys and the Enter key. The lat- 
ter selects between the various menus, 
and confirms the selection of the menu 


a6 EPROM 


as 270256 
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options you can point to with the 
arrow keys. 

To perform a measurement, con- 
nect-up the supply voltage, switch off 
the DMM, connect the datalogger to 
the DMM, and then switch the DMM 
on again. After starting the datalogger, 
you will see the menu options 


MAIN MENU 
>Data retrieval 
>Measuring 


Having selected the option Measur- 
ing and having pressed the Enter key 
the following information appears on 
the display: 


Sampling P 00:02 
Enter minutes 


You are prompted to enter the mea- 
surement interval (P); the highest 
value allowed is 99 minutes and 99 sec- 
onds. (99:99). Use the arrow keys to 
select the minutes value, then press 
Enter. This menu appears: 


Sampling P 00:02 
Enter seconds 
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the display will then show the previ- 
ously captured set of data, with the 
current measurement time on the sec- 
ond line, for example, 


pc 00.00 V 
00:00:08 


The clock continues to tick and is 
updated every second. The measure- 
ment value in the upper line is 
updated depending on the previously 
set sampling interval. The longest mea- 
surement period is 100 hours less one 
second, 

If no multimeter is connected, the 
microprocessor will ‘hang’. To start a 
measurement anyway, you press the 
Enter key. 

A measurement may be ended by 


Enter the desired no. of seconds of keeping the Enter key pressed for 
the measurement (sampling) interval, more than | s. Cancelling is confirmed 
and press Enter again. The next when the display indicates 
prompt appears: STOP 
The last data set and the associated 
START ¥ time mark are then ‘frozen’. By press- 
MEASUREMENT? n ing the Enter key again you are 
returned to the main menu. 
Press ‘y’ to continue. The first line of Transferring measurement data 


| 
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| 


‘ 46 Elektor Electronics 2/99 


Visit our Web site at 


D9 
2 TxD 


Simplest null-modem link 
Set handshake to NONE 
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TxD 2 


Full null-modem link 
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from the datalogger to the PC is even 
simpler. In the main menu you select 
Data retrieval. By pressing the 
up/down arrow keys you call up the 
following options: 


>> Display 
>> PC numerical 
>> PC alphanum. 


Selecting the first option causes the 
measurement values to be shown on 
the datalogger LCD, with the arrow 
keys available to scroll through the 
data sets. 

The other two options cause the 
data sets to be sent to the PC, either in 
numerical or alphanumerical format. 
Before that can be done however, you 
have to select the data speed in this 
menu 


>>> BAUDRATE 
>>> 1200 baud 
>>> 9600 baud 


Once that has been done, you may 
launch the data upload operation by 
confirming the option 


=] 
© 
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“Figure 3. Ail about 
- zero-modem cables. 


Output - -> PC 


CONSTRUCTION 

The design of the printed circuit board 
shown in Figure 2 is pretty spacious, so 
constructing the datalogger and fitting 
it in a ‘windowed’ plastic case should 
not present undue difficulties. 

All ICs may be fitted in sockets. Do 
not forget the 13 wire links on the sin- 
gle-sided board, and make sure all 
parts are mounted the right way 
around. With everything in place, give 
the board a thorough visual check, 
looking for cold joints and solder 
splashes. 


CONNECTING-UP 

The DMM and the PC are hooked up 
to one and the same the 9-way sub-D 
connector on the datalogger board, but 
not simultaneously, of course. Like the 
serial port connector on a PC, this con- 
nector is a plug, so that the DMM is 
easy to connect. Connecting the PC 
however requires a special cable: it 
should have sockets at both ends, as 
well as crossed TxD, RxD and hand- 
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shaking lines. The construction of this 
so-called null-modem (or zero-mtodem) 
cable is illustrated in Figure 3. 

DMMs with an RS232 interface are 
designed for direct connection to a PC. 
The serial interface on the PC may 
have a 9-pin or a 25-pin connector. In 
the first case, pin 3 is the output, and 
pin 2, the input. The pin numbers are 
reversed on the 23-way connector! This 
is taken into account in the serial cable 
for the multimeter, no matter if a 9-pin 
or 25-pin connector is used. 

Basically there is only one-way data 
traffic between the PC and the data- 
logger. The DTR signal on pin 4 (DB25: 
pin 20) of the PC connector indicates 
that the PC is ready to receive new 
data. The same applies to the RTS sig- 
nal on pin 7 (DB25: pin 4), which is 
activated by the PC to indicate that it 
wants to send data. Because many dig- 
ital multimeters require these two sig- 
nals to be able to upload logged data to 
a PC, pin 4 of K2 on the datalogger is 
started to +5 V, while pin 7 is con- 
nected to ground. 

At the PC side, you may use just 
about any communications program, 
including the popular 
HyperTerminal utility 
: which comes with Win- 

Sse dows 95. Select the 
COM port and the fol- 
lowing communication parameters: 
1200 bits’s or 9600 bits/s, 8 databits, no 
parity, 2 stop bits and hardware proto- 
col, A zero-modem cable with no more 
than the two data lines and ground 
will also work. The datalogger does not 
employ handshaking, so you select 
none for the protocol. Incidentally, the 
data exchange between the datalogger 
and the DMM employs a different 
communications protocol: 7 databits, 
no parity, and 2 stop bits. 

The author used the datalogger in 

combination with a Metex M-3610-D 
and a Voltcraft VC 506. The prototype 
circuit built in the Elektor Electronics 
design lab was successfully tested with 
a Metex M-3630-CR. Other DMMs of 
the same two brands can be expected 
to support the same protocol. 
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GREAT NEWS FOR YOU*® 


: Over the past 11 years ULTImate Technology supplied more than 20.000 
al commercial versions, but also thousands of educational versions, which, having 
no Gerber Interface (high resolution photoplotter) are not suitable for commercial 


versions. After a worldwide test on Internet the ULTIboard Studio evolved, with 


7 use, but are otherwise, identical to the, naturally far more expensive, commercial 
A. the same well-considered limitation, at a price at which everybody can afford 


a professional design system. 


SEE ALSO THE REPLYCAR DO ELSEWHERE 
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MICROPROCESSORS 


SX-microcontroller 
evaluation system (1) 


part 1: introducing 
the Scenix SX micro 


Design by Dr. M. Ohsmann 


With a PC-like RISC 
architecture and offering 
clock frequencies up to 
100 MHz, the new SX 
processors from Scenix are currently the fastest 8-bit microcontrollers 
around. Unfortunately, the cost of the development kit supplied by Paral- 
lax is on the high side to say the least, and that is why we present an 
alternative for home construction. The system consists of a program- 
ming adaptor, an assembler, two demonstration boards and a variety of 
example programs. 
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8-bit Timer 
RTCC 
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Four - Stage 


Instruction Pipeline 


Scenix recently released 
the first devices from of 
a new series of 8-bit microcontrollers. 
Although these early products are still 
flawed by the odd bug, they allow 
designers to get cracking. As far as raw 
speed is concerned, the new Scenix 
products are currently the fastest 8-bit 
microcontrollers you can buy. At a 
clock frequency of 50 MHz, the stan- 
dard version rockets along at a speed 
of 50 MIPs (million instructions per sec- 
ond). Meanwhile, the first samples of 
75-MHz versions have arrived, and a 
100-MHz version is in the pipeline. 
The price, too, is right at less than 
4 US dollars per unit for volume quan- 
tities. On the down side, development 
kits, assemblers and programming 
adaptors for the SX series are priced 
well over 250 US dollars. As you can 
see from Table 1, The development 
system we have in mind is far less 
costly, and comprises just about any- 
thing you need for a head start with 
the extremely fast ‘SX’ microcontroller. 
Datasheets of the SX processors 
may be downloaded from the Scenix 
web site at www.scenix.com. There 
you will also find the errata sheets for 
the earliest chips. This information was 
obviously taken into account while the 
present development system was 


designed. 
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THE SX PROCESSOR 

FAMILY 

As we write this, the SX series consists 
i of just two members, which differ in 
; respect of the number of ports. The 

smaller version does not have port C 

bonded out to pins. It is available 18- 

pin cases (Type SXI8AC/SO = small 
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In-System 
In-System 4 8 
Programming 


2k x 12 
EEPROM 


8, Read Data 
742 Instruction 390018 = 13 
outline; Type The internal architecture of these 


SX20AC/SS). 


SX18AC/DP = DIL 
case), or in a 20-pin SSOP case (Type 


processors is shown in Figure 1. The 
processor has several clock oscillators, 
which will be discussed in detail fur- 
ther on in the series. 


The larger brother has port C avail- 
able on pins. It comes in three different 
28-pin cases (SX28AC/SO = small out- 
line; SX28AC/DP = DIL case, 
SX28AC/SS = small scale). The 75-MHz 
and 100-MHz versions have the 
respective type designations 
SX28AC73/DP and SX28AC100/DP 


An internal low-power oscillator 
may be used, or an external quartz 
crystal or RC network may be con- 
nected. Next, we have a +4 prescaler. 
If this is bypassed, the so-called Turbo 
Mode is selected, which guarantees the 
fastest program execution, The instruc- 


Table 1 sx Evaluation System Hardware and software overview 


PICKALOCK 
PICKLOC1.DOC 


SX-Demoboard 1 


Programming adaptor for in-system serial programming 
(ISP) of Scenix SX controllers 
Documentation of the PC/PICKALOCK interface 


Demonstration board for the SX28AC controller 


Assembler for SX controllers; source code (Pascal 5.0) 


SX-Demoboard 2. Demonstration board for the SX18AC controller 
SXASM.PAS 

SXASM.EXE Assembler for SX controllers (executable program) 
SXASM.DOC Documentation with assembler 

SXPRO.PAS PC shell for SX-PICKALOCK; source code 
SXPRO.EXE PC shell for SX-PICKALOCK 

SXPRO.DOC Operation manual 

TIPS.DOC Tips for faultfinding 

LED1.SRC Example program: LED flasher using 16-MHz crystal 
IRC1.SRC LED flasher using internal RC oscillator 

RC1.SRC LED flasher using external RC oscillator 
SERIO1.SRC Serial hexadecimal I/O foe test purposes 


SERPWM1.SRC 
SINGEN1.SRC 
SINGEN2.SRC 
MIW1.SRC 


PWM/ADC and LED control 

Sine wave generator, 1 KHz, PWM 

ine wave generator, 455 kHz, using R-2R DAC 
Multi-wakeup test 


tions have a width 
of 12 bits and arrive 
by way of a 4-stage 
Pipeline. That is 
why branch (jump) 
instructions take more than one clock 
cycle to execute, after all, the pipeline 
contents has to be handled first. 

There is an internal, independent 
watchdog circuit which is useful if not 
essential for no-break systems. An 8-bit 
timer is available with somewhat lim- 
ited possibilities, although that is easily 
compensated by the high processing 
speed of the SX. The interrupt unit is 
triggered by this timer or the wake-up 
unit in Port B. In this way, level 
changes on the 8-bit Port B may be 
sued to request interrupt servicing. A 
welcome extra in this arrangement is 
the constant latency of 60 ns at a 
50 MHz clock rate, which guarantees 
jitter-free interrupt servicing. This use- 
ful feature is found on very few 
processors indeed. 

A number of registers is available, 
including W, FSR, PC and STATUS, 
which serve to select options — they 
may be used as register pointers or 
auxiliary registers for the arithmetic 
logic unit (ALU). The arithmetic unit is 
capable of performing 8-bit subtraction 
and addition. Special attention should 
be given to the ‘carry’ bit. By means of 
an option you choose during pro- 
gramming, the carry bit is either taken 
into account or ignored. This will take 
some getting used to, and requires 
strict discipline, particularly with pro- 
gram parts you have not written your- 
self. 

The regular logic combination 
options are all available. A hardware 
multiply unit is, however, not found in 
the SX. 

The instruction set contains a large 
number of instructions for bit testing 
and setting, so that bit manipulation 
and logic interrogations are easily 
implemented, Most transfers and oper- 


SX programming 
adaptor 


12V5 o 


SX processor 
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ations are per- 
formed with the 
aid of the W regis- 
ter. To add two val- 
ues loaded from 
memory, you normally need two 
instructions. That is the hallmark of the 
RISC instruction set — complex oper- 
ations are simply implemented by call- 
ing in the help of several RISC instruc- 
tions. 

The processor core employs an 
internal 136-byte RAM, whose contents 
may be addressed by means of RISC 
bank-switching commands. This pro- 
cedure should be familiar from PIC 
programming as described by 
Microchip. Those of you who ‘grew 
up’ with the 8051 may find this a little 
unusual, though. The program is con- 
tained in a 2-kword (12-bit wide) EEP- 
ROM, which may be accessed exter- 
nally by way of the ISP interface. More 
real-world connections are available 
through ports A, B and C, whose 
inputs can be set up as Schmitt-triggers 
or made to respond to different levels. 
The output lines offer even more 
options and should be suitable for a 
vast number of applications. Any indi- 


vidual output line is capable of sup- 
plying up to 30 mA for ‘high’ as well as 
low’ levels. This enables LEDs to be 
driven directly. The chip architecture 
also comprises an analogue compara- 
tor. This sub-circuit may be interro- 
gated via port B, and should enable 
efficient communication with analogue 
peripherals to be set up quite easily. 


THE KEY TO THE SX 
For your first experiments with a new 
processor you obviously need a pro- 
grammer, an evaluation board (preter- 
ably several) and software (assembler 
and the like). Although the SX starter 
kit from Parallax 
(www.parallaxine.com) also offers 
debugging tools and a development 
system, it is far more expensive than 
comparable starter kits for other mod- 
ern microcontrollers, The Parallax 
starter kit contains the so-called SX-key, 
which is basically a programming 
interface that enables programs to be 
downloaded into the processor. Unfor- 
tunately, the SX-key is not supplied 
separately. The fairly high cost of get- 
ting started with the SX micro 
prompted the author to design his 
own programming adaptor called SX- 
PICKALOCK. Although it does not 
include a program debugging facility 
(the Scenix debug interface is propri- 
etary), the system as described here 
does allow you to get started and 
apply debugging techniques you may 
already know. So how is the SX chip 
programmed? 


IN-CIRCUIT 

SX PROGRAMMING 
Scenix have designed an ingenious 
protocol that enables the SX processor 
to be programmed via the two pins 
normally connected to the quartz 
crystal! Using suitably designed cir- 
cuitry it is even possible to apply the 
protocol without removing the crystal 
from the circuit. In other words, in-cir- 
cuit serial programming (ISP) is a real- 
ity with the SX. 


Table 2 

Bits Command 
C3 - CO hex 

1277 = OF NOP 

0000 = 00 ERASE 

0001 = 07 READ-DEV 
0010 = 02 READ-FUSEX 
0011 = 03 PROG-FUSEX 
0100 = 04 LOAD 

0101 = 05 PROG 

0110 = 06 READ 

0111 = 07 INC 


(idle) 

clear all EEPROM cells 

read device word 

read FUSEX word 

program FUSEX word with LOAD-REG 
copy data into LOAD-REGister 


store data from LOAD-REG into current 


address 
read data from current address 
increment current address 
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Figure 2 shows the basic circuit that 
gives the PICKALOCK access to the SX 
processor. To switch the SX chip to ISP 
mode, the voltage at the OSC1 pin has 
to be raised to 12.5 V. First, however, 
the internal SX oscillator has to be dis- 
abled as described in the ISP specifica- 
tion which may be found in the docu- 
mentation supplied by Scenix. 

Once in ISP mode, the SX processor 
starts an internal oscillator which con- 
trols the complete timing of the pro- 
gramming sequence. Data is then 
exchanged via the OSC2 pin, which 
acts as a kind of open-drain bus 
together with the OSC2 connection of 
the SX-PICKALOCK and an internal 
pull-up resistor inside the SX chip. 


TWo-wWAy 

DATA TRAFFIC 

The serial protocol is based on frames 
consisting of 16 data bits. A frame is 
divided in 17 cycles, the first one acting 
as a synchronisation aid. The remain- 
ing 16 cycles provide the actual data 
transfer. The system is illustrated in 
Figure 3. 

Every individual cycle consists of 
four equally long parts, TO through T3. 
There are three types of cycle. In a syne 
cycle, the OSC2 signal is high all the 
time. Ina ‘1’ cycle, the OSC2 signal is 
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high in the parts called TO, T2 and T3, 
and low in the part called T1. Ina ‘0’ 
cycle, the OSC2 signal is high during 
the TO part, and low in the T1, T2 and 
T3 parts. The currently active transmit- 
ter defines the state during the T2 and 
T3 parts. The receiver interrogates the 
level at the OSC2 input on the transi- 
tion from T2 to T3. When the SX-PICK- 
ALOCK idles, i.e., does not execute 
commands, and the 5X chip is in pro- 
gramming mode, the latter always 
transmits frames consisting of a sync 
cycle and 16 ‘1’ cycles (IDLE frame in 
Figure 3). 

This frame allows the SX-PICK- 
ALOCK to find out when the frames 
start. Once frame synchronisation has 
been achieved, the SX chip and the SX- 
PICKALOCK are ready to start 
exchanging data and commands. Each 
frame always ‘moves’ 12 bits of data, 
and 4 bits of command information. 
The first four bits (C3 though CO) in a 
frame are the command bits (MSB- 
first). These are always transmitted by 
the SX-PICKALOCK. Depending on 
the command, the next 12 bits then 
travel from the SX chip to the PICK- 
ALOCK, or the other way around. The 
available commands are listed in 
Table 2. Figure 3 indicates a READ 
frame with the following bit levels: C3- 
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CO = 0110, D11-D0 = 10101...0. 


TRANSMISSION SPEED 
The documentation supplied by Scenix 
via their web site states that each inter- 
val of T0 to T3 equals a 128-kHz clock. 
In other words, a cycle has a length of 
4/128,000 seconds or 31.25 (s. On a cou- 
ple of early processors (data code 9818) 
a clock rate of about 105 kHz was mea- 
sured. Apparently the internal oscilla- 
tor which creates the clock signal was 
a bit too slow. A similar point was 
found in the Errata sheets about the 
internal RC oscillator which may be 
used to clock the oscillator. According, 
to Scenix, 3.2 MHz was reached instead 
of 4 MHz, and doing the sums, 
128 kHz x 3.2/4 = 102 kHz, provides a 
good explanation of the actually mea- 
sured clock rate. The upshot was that 
the PICKALOCK had to be designed 
such that it would be able to handle 
different bit rates. The current version 
accepts bit rates between 95 kHz and 
140 kHz, which should be sufficient for 
most, if not all, practical purposes. 
(990018-1) 


In next month’s tnstalment we will describe 
the construction and practical use of the 
SX-PICALOCK, and the demo boards will 


also be described. 


The Studio Lite consists of ULTIcap sc 
+ ULTlroute GXR autorouter. Both Windc 
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wave file player 


a music box that you can 
program with your PC 


Specifications 
Atmel AT90S2313 

2 Mbit flash ROM 

12-bit 

5th-order switched-capacitor 
Serial interface: RS232 
Serial format: 57k6, 8N7 * 
Sampling frequencies:6, 8, 11.025 & 22.05 kHz 


Controller: 
Memory: 

D/A converter: 
Filter: 


| Playback: monophonic 
Word size: 8 or 16 bits 
Playing time: 8 to 43 seconds 


Amplifier: 1 watt bridge 


* see text 


The wave file player is yet another circuit that 
offers the prospect of several hours of enjoyable 
tinkering. The PC and the soldering iron work as 
partners on this project. You have to admit that 
this is an Elektor project in its best form. The 
result is a compact circuit that, on command, 
plays back a sound file that has been previously 
downloaded via the PC. The wave player can be 
used as a programmable doorbell, but it can 
also be used for model railroading or to amuse 
your children. Depending on the desired sam- 

_ pling frequency and resolution, it can store up to 
43 seconds’ worth of sound. 


Design by H. Bonekamp 
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Using modern electronic components, 
it is possible to pack a lot of functions 
onto a relatively small circuit board. 
The circuit is also based on existing 
standards. In practice, this means that 
the controller works with ‘wav’ (wave) 
files. These are familiar to every PC 
user. Another important factor is that 
the configuration of the player is auto- 
matically derived from data in the 
sound files, so that the best possible 
sound quality is always guaranteed. 


BASIC ASSUMPTIONS 

A number of considerations played a 
role in the development of the wave 
file player. We wanted it to be compact, 
utilize industry standards and be flexi- 
ble in use. 

The interface with the PC allows all 
the ‘tunes’ that the player has to repro- 
duce to be generated conveniently and 
‘made to measure’. Depending on the 
capabilities of the PC used, sound frag- 
ments can be taken from a CD (but 
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watch out for copyright restrictions) or 
sampled via a sound card. You can use 
a sound editing program for this (such 
as the shareware program Cool Edit). 
Also, thanks to the ‘universal’ 
approach used in the design, a Win- 
dows environment is not essential. The 
only thing that you need is a program 
that can generate and edit wav files. 
The resulting file must be transferred 
to the player as a data file, via an RS232 
interface. Standard terminal programs 
can be used for this, as long as they 
support RAW ASCIL In addition, there 
is a specially-prepared downloader 
program available for Windows users. 


A CLOSER LOOK AT 
THE HARDWARE 
The block diagram of the hardware 
design is shown in Figure 1. The heart 
of the circuit is an AT90$2313 IC, which 
can be connected to a PC via an R5232 
interface. On the analogue side we 
find a D/A converter, a configurable 
low-pass filter and an adjustable out- 
put amplifier, The data are stored in a 
flash memory. All that’s left is the 
power supply: from a 9 V input, it pro- 
vides the circuit with 8.4 V and 5 V 
working voltages. The user interface 
consists of one switch (‘play’) and two 
LEDs (‘recording’ and ‘playing’). 
Thanks to the power of the con- 
troller used here, the entire hardware 
design needs only five integrated cir- 
cuits. Figure 2 shows the full schematic 
diagram. The serial interface consists of 
no more than a single transistor and 
three resistors. The hardware around 
the CPU can be quickly described. The 
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oscillator components 
are X1, Cl and C2. The 
‘play’ switch is 
debounced in software, and resistor R4 
protects the IC against electrostatic dis- 
charges. Capacitor C3 suppresses any 
coupled-in high-frequency signals. 
LEDs D1 and D2 are connected to one 
of the controller’s IYO ports via series 
resistors. The 2-Mbit flash memory, 
1C2, is organized as 1024 pages each 
holding 264 bytes. Since it takes 64 
clock cycles to read out one page, it is 
not possible to simply transfer data 
directly from the flash memory to the 
D/A converter. A 64-byte circular buffer 
in RAM is used to deal 
with this problem. Data 
are read from the circu- 
lar buffer while a page 
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address is being sent to 
the flash memory. In 
addition, the data are 
organized so that the least possible 
amount of time is lost in reading the 
data. 

The D/A converter is connected to 
the CPU via three signal lines (CLK, 
DIN and LOAD). Its output signal 
(V,..) 18 capacitively coupled to the 
input of the low-pass filter (IC4). The 
LTC1063 chip used here is a switched- 
capacitor device, which filters the ana- 
logue signal under control of the CPU. 
A circuit trick is used to set the input 
level to the filter to 2.5 V. The necessary 
supplementary voltage 
is provided by R8 and 
R9. Resistor R7 pro- 
vides a relatively high- 
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impedance path for this voltage to the 
input of IC4. The filter characteristics 
can be adjusted by varying the fre- 
quency of its clock signal. 

The final part of the circuit is the 
output amplifier IC5. The TDA7052A 
IC is wired as a bridge amplifier and 
provides an output power of 1 watt. 
The volume level can be adjusted via 
PI. The PD3 output of the processor 
controls the mute function. The output 
anne is muted after the wave file 

has finished playing. 

Readers who have carefully studied 
the schematic may well w onder about 
the function of K1. The answer is that 
this connector allows the processor to 
be programmed directly in the circuit. 
This is a handy option for anyone who 
wants to modify the microcontroller 
program to suit his own wishes. The 
source code of the program, which was 
developed in the Elektor labs, is read- 
ily available from our Readers Services 
(order number 996006-1). 

Construction should not present 
any problems. A compact printed cir- 
cuit board, whose copper track layout 
and component overlay are shown in 
Figure 3, forms the basis. If you use 
sockets for the ICs, almost nothing can 
go wrong. For this reason we can 
quickly shift our attention to the soft- 
ware, which is the key to the whole 
show. 


WORKING 

wittH COOL EDIT 

Wave files to be played back by this cir- 
cuit must first be made to fit, and for 
this you will need a sound editor for 
the PC. One possibility is the Windows 
program Cool Edit, which is preferable 
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to various other programs since it pro- 
vides good facilities for resampling 
sound files, This is an important task, 
which in large measure determines the 
quality of the sound. 

A shareware version of Cool Edit 
can be found at the website 
http://www.syntrillium.com. This pro- 
gram has several functions that are 
particularly well suited to our objec- 
tives, including altering the sampling 
frequency, selecting a particular pas- 
sage and optimizing the amplitude. In 
addition, it is easy to make a mono file 
from a stereo file. This is essential for 
the wave player, since it makes the file 
smaller. Finally, the resolution can be 
selected to be 8 bits (256 levels maxi- 
mum) or 16 bits. 

As can be seen from Table 1, the 
playing time is strongly dependent on 
the sampling frequency. A high sam- 
pling frequency is recommended for 
music (up to 22 kHz with this circuit), 
but a lower frequency can be used for 
speech. By and large, a sampling rate 
of 8 kHz vields a signal whose sound 
quality is equal to that of a good tele- 
phone connection. 

The difference between 8-bit and 
16-bit resolution can be seen in the sig- 
nal-to-noise ratio. The lower the reso- 
lution, the larger the steps, With 8 bits, 
only 256 signal levels are possible. A 
larger step size results in a greater dif- 
ference between the actual value and 
the desired amplitude, which increases 
the noise and distortion levels. For the 
best quality, 16-bit resolution should be 
used. Note also that the player circuit 
reduces this to 12 bits, since the D/A 
converter has its own limitations. With 
these 12 bits we achieve an optimum 
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compromise between the signal-to- 
noise ratio and the memory capacity. 
The best possible sound quality can be 
achieved by using the sound-editing 
program to adjust the amplitude of the 
signal so that the full dynamic range is 
utilized. 

Since the wave file player simply 
cuts off the sound at the end of the 
available playing time, it is also neces- 
sary to modify the sound file so that it 
starts and ends softly. A bit of experi- 
menting will quickly teach you how 
everything works. 

Once the file is ready, it must be 
transferred to the wave file player via 
the serial port. A terminal program can 
be used for this, as long as it supports 
the RAW ASCII option. This is the only 
way to be sure that the data will not be 
corrupted on its way to the player. For 
Windows users, we have developed a 
utility program that drastically simpli- 
fies file dow nloading. 


% Tsead Gav 15 Cool Edit 
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This program ensures Figure 4, The share- 
that the complete wave ware version: of Cool 
file is quickly and reli- Edit can be used to 
ably transferred to the ian sound | files that 
player’s memory. | @re suitable | 


Proper configuration of 

Cool Edit is important, 

since the controller soft- 

ware checks the structure of the wave 

file. When the file is received, it is 

checked to see that; 

-itisa wav file, 

- the sampling frequency is equal to 
one of the predefined values; 

- the signal is monophonic; 

- PCM coding is used and 

- the word size is 8 or 16 bits. 

If all these conditions are satisfied, then 

the file can be properly read in. If an 

error is detected, the red LED is imme- 

diately lit. 

There is in practice a problem when 
Windows 3.1 is used, With this soft- 
ware the maximum speed of the serial 
interface is considerably less than 
57.6 kbps, which is used here. It is thus 
necessary to drop back to a lower 
speed. If switch $1 is held depressed 
while the power is switched on, a ser- 
ial data rate of 9600 baud is selected. All 
other settings remain unaltered. 

The red LED (D1) flashes while data 
are being downloaded. As soon as the 
flash ROM is full, it stays on continu- 
ously. If no more data are sent to the 
controller for an interval of 500 ms, the 


LED is extinguished, 

The green LED (D2) is lit when 
power is applied to the circuit. It 
flashes while a stored wave file is being 
played back (in response to pressing 
51). 

If the player is used as a doorbell, a 
mains adapter can be used to supply it 
with power. The doorbell switch then 
functions as $1. You can welcome your 
guests on special occasions (such as 
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Christmas or a birthday) by loading an 
Lae rad tune in the ROM. You 
could also consider programming the 
sound of barking dogs for your vaca- 
tion time. This should confuse would- 
be thieves who try to see if anyone is at 
home by ringing the doorbell! 


Table 1. Files, formats and playing times. 


Sampling rate word size 
22.05 kHz 8 

16/12 
11.025 kHz 8 

16/12 
8 kHz 8 

16/12 
6 kHz 8 

16/12 


(OOM 5-1) 
file size playing time 
256 k 17.92 s 
341k 7.948 
256 k 23.83 s 
341k 15.89 s 
256 k 32.778 
341k 21,858 
256 k 43.69 s 
341k 29.13 s 
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Titan 2000 


High-power hi-fi and 
public-address amplifier 


It could be argued 
that most of the out- 
put amplifiers pub- 
lished in this maga- 
zine lack power. 
Although this is a 
debatable point, it 
was felt that a true 
heavyweight output 
amplifier would make 
a welcome change for 
many constructors. 
The Titan 2000 can 
produce 300 watts 
into 8 Q, 500 watts 
into 4 Q, and 

800 watts into 2 Q. 
For those who believe 
that music power is a 
reputable quantity, the 
amplifier can deliver 


2000 watts of this - 
; Brief parameters 
magical power into 

4 Q. Sine-wave power output 300 W into 8 Q; 500 W into 4 Q; 800 W into 2 Q 
Music power* 2000 W into 4 Q 
Harmonic distortion <0.005% 
Slew limiting 85 V us"? 
Open-loop bandwidth 55 kHz 
Power bandwidth 1.5 Hz — 220 kHz 
*See text about the validity of this meaningless quantity. 

2 Design by T. Giesberts 
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INTRODUCTION 

Amplifier output has been a cause of 
argument for as long as there have 
been audio power amplifiers. For 
domestic use, a power rating of 
2x50 W is more than sufficient. With 
the volume control at maximum and 
the use of correctly matched good- 
quality loudspeakers, this will provide 


‘PROGRAMMABLE’ 
POWER OUTPUT 

The amplifier has been designed in 
such a manner that its output is ‘pro- 
grammable’ as it were. With a sine 
wave input, it delivers an average 
power of 300W into an 8Q load, 
which should meet the requirements 
of all but the power drunk. Compared 
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age across the loudspeaker and the rm.s. 
current flowing into the speaker. The term 
music power Is generally meaningless, 
because to some manufacturers it means the 
product of the peak voltage and peak cur- 
rent; to others it means merely double the 
true power; and to yet others, even more 
disreputable, it means quadrupling the true 
power). 
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a sound pressure level (SPL) equiva- 
lent to that of a grand piano being 
played forte in the same room. 

However, not all amplifiers are 
intended for domestic use: many are 
destined for discos, small music halls 
and other large rooms. But even here, 
what power is really required? Since 
doubling the amplifier output increases 
the SPL by a barely audible 3 dB, it was 
felt that 300 watts sine wave power into 
8 Q would appeal to many. 
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heat sink 
sensor 


fan , 


with the output of 50 W froma 
domestic audio amplifier, this 
gives an increase in SPL of 
7.5 dB. If even higher outputs are 
needed, the load impedance may be 
lowered to 4Q, which will give an 
increase in SPL of 10 dB compared 
with a 50 W output. 

Although music power is a depre- 
catory term, since it does not really 
give the true power rating of an ampli- 
fier, readers may note that the Titan 
2000 can deliver 2 kW of this magical 
power into 4 Q. (True power is average 
power, that is, the product of the r.m.s. volt- 
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However, power is not the only cri- 
terion of an amplifier. Low distortion, 
good slew limiting, and an extended 
power bandwidth, as possessed by the 
Titan 2000, are also hallmarks of a good 
amplifier, 

Power bandwidth denotes the fre- 
quency range over which the power 
falls to not less than half its maximum 
value. This is much more telling than 
the frequency response, which is usu- 
ally measured at a much lower output 
level. 

Slew limiting is the maximum input 
voltage change that can occur in one 
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microsecond, and to which the ampli- 
fier can respond. 


DESIGN 
CONSIDERATIONS 

The Titan 2000 is based on the ‘com- 
pact power amplifier’ published in the 
May 1997 issue of this magazine. That 
was a typical domestic amplifier with a 
power output of 50 W into 8 @ or 85 W 
into 4 Q. The special property of this 
fully balanced design was the use of 
current feedback instead of voltage 
feedback, which resulted in a fast- 
responding amplifier with a large 
open-loop bandwidth. The amplifier 
performed well both as regards instru- 
ment test and measurements and lis- 
tening tests. However, to serve as a 
basis for the Titan 2000, its output cur- 
rent and drive voltage range had to be 
increased substantially. 

For a start, the supply voltage has to 
be more than doubled, which means 
that transistors with a higher power 
rating have to be used in the power 
supply. The higher supply voltage also 
results in larger potential drops across a 
number of components, and this 
means that dissipation problems may 
arise, 

The large output current required 
for the Titan 2000 makes a complete 
redesign of the current amplifier used 
in the ‘compact power amplifier’ 
unavoidable, since that uses insulated- 
gate bipolar transistors (IGBTs). 
Although these are excellent devices, 
the large spread of their gate-emitter 
voltage makes their use in parallel net- 
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works next to impossible. To obtain the 
requisite output power, the use of par- 
allel networks of symmetrical pairs of 
transistors is inevitable. 

In view of the foregoing, bipolar 
transistors are used in the current 
amplifier of the Titan 2000. However, 
these cannot be driven as readily as 
IGBTs, which means that current drive 
instead of voltage drive is used. This 
entails a substantial upgrading of the 
driver stages and the preceding cas- 
code amplifiers (which also consist of a 
couple of parallel-connected transis- 
tors). The good news is that the power 
transistors in the Titan 2000 are consid- 
erably less expensive than IGBTs: an 
important factor when eight of these 
devices are used. 

Finally, the protection circuits have 
been enhanced in view of the higher 
voltages and currents. The circuits pro- 
tecting against direct voltages and 
short-circuits are supplemented by 
networks protecting against overload 
and (too) high temperatures. The latter 
is coupled to a proportional fan con- 
trol. 

In short, a large part of the Titan 
2000 is a virtually new design rather 
than a modified one. 


BRIEF DESCRIPTION 

The block diagram of the Titan 2000 is 
shown in Figure 1. The voltage ampli- 
fier consists of input stages T|-Tj,, and 
cascode amplifiers‘pre-drivers T\5-T,. 
The current amplifier ts formed by dri- 
ver transistors T--T3y, and output 
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transistors T35—Tyo. 

The offset control stage prevents 
any direct voltage appearing at the 
output of the amplifier. 

The loudspeaker is linked to the 
amplifier by three heavy-duty relays. 

The current amplifier operates from 
a +70 V supply, which is provided by 
two 50 V mains transformers. To enable 
the voltage amplifier to drive the cur- 
rent amplifier to its full extent, it needs 
a slightly higher supply voltage to 
compensate for the inevitable losses 
caused by inevitable voltage drops. 
This is accomplished by superimposing, 
a +15 V potential from an external 
auxiliary supply on to the main +70 V 
supply and dropping the resulting 
voltage to £78 V with the aid of regu- 
lator ly3-Ts. 

The combined protection circuits 
constantly compare the input and out- 
put voltage of the amplifier: any devi- 
ation from the nominal values leads to 
the output relays disconnecting the 
loudspeaker and the input relay 
decoupling the input signal. 

rhe thermal protection circuit mon- 
itors the temperature of the heat sink 
and, if necessary, switches on a fan. If, 
with the fan operating, the tempera- 
ture approaches the maximum per- 
missible limit, the output relays are 
deenergized and disconnect the loud- 
speaker. 


CIRCUIT DESCRIPTION 
The circuit diagram of the Titan 2000 is 
shown in Figure 2. In spite of the large 
number of components, the basic cir- 
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cuit is straightforward. 

As already noted in 
the previous  para- 
graph, transistors 
Ty-Tjg form the input 
amplifier, T,, and T}2 are buffers, T)3 
and Ty4 are current sources, T5-T2¢ 
form the cascode amplifier/pre-driver 
stage, Tp7-T4q are the driver transistors 
in the current amplifier, T3;-Ty, are the 
output transistors, and T43-Ts3 form a 
sophisticated supply voltage regulator. 


Input amplifier 
Strictly speaking, the input amplifier is 
formed by transistors T3;-Ty. Cascode 
stages Tg-Tyq serve merely to enable 
the input section handling the high 
voltages. These voltages are limited by 
zener diodes D; and Dy, which are part 
of the potential divider that also sets 
the operating points of T;-Ta,. In 
view of the requisite stability, the cur- 
rent through the zener diodes is held 
constant by current sources T)3 and 
Ty4. Resistors Ro and R23 limit the 
potential across, and thus the dissipa- 
tion in, these field-effect transistors. 

Otherwise, the input section is vir- 
tually identical to that of the ‘compact 
power amplifier’. The drop across the 
emitter resistors of buffers T; and T3 
determines the drop across the emitter 
resistors of T3 and Ty, and conse- 
quently the setting of the operating 
point of the overall input section. To 
eliminate the influence of temperature 
variations, T, is thermally coupled to 
T, and T> to Ty. 

Since the operating point of buffers 
T, and T) is critical, current sources Ts 
and T, have been added. The reference 
for these current sources is provided 
by light-emitting diodes (LEDs) D, and 
Dy», The current through these diodes 
is determined by current sources Tz 
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and Tg. In view of the 
requisite stability, 
diode D, is thermally 
coupled to T; and D3 
to Tg. 

Any imbalance of the input stages is 
compensated by making the current 
through Ts equal to that through T, 
with potentiometer I>. 


Cascode amplifiers/pre-drivers 

The large output current of the Titan 
2000 necessitates a proportionally 
large pre-drive voltage, which is pro- 
vided by three parallel-connected cas- 
code amplifiers, Tj;-Ty,. The current 
through these amplifiers is arranged at 
10-15 mA, but the current feedback 
used may cause this level to be appre- 
ciably higher. This is the reason that the 
transistors used in the T3)-Tx¢ posi- 
tions are types that can handle cur- 
rents of up to 50 mA when their collec- 
tor-emitter voltage is 150 V. 

The input section is linked to the 
cascode amplifiers by buffers T,, and 
Ty, which results in a lowering of the 
input impedance. The arrangement 
also enables an increase in the values 
of Ry3 and Rys, which results in a 3 dB 
increase in amplification of the input 
section. 

The function of resistors Ryg and 
R3, is threefold: they limit the dissipa- 
tion of the buffers; they obviate the 
need of an additional voltage to set the 
operating point of the buffers; they 
limit the maximum current through 
the buffers, and thus the cascode 
amplifiers, to a safe value. 

The open-loop amplification of the 
Titan 2000 is determined solely by 
those of the input section and cascode 
amplifiers. The amplification of the 
input section depends on the ratios 
Ry3:(Ry2+ Rg) and Rys:(Ryg4 +Rg) and, 
with values as specified is x 10 (ie., a 


gain of 20 dB). 

The amplification of the cascode 
amplifiers is determined largely by the 
ratio of parallel-connected resistors Rj 
and R33 and the parallel network of 
Roy-Rag. With values as specified, the 
amplification is about x 850 (remem- 
ber, this is a push-pull design), so that 
the overall amplification of input sec- 
tion plus cascode amplifiers is *8500 (a 
gain of close to 80 dB). 


Current amplifier 

Since one of the design requirements is 
that the amplifier is to work with loads 
down to 1.5 Q, the output stages con- 
sist of four parallel-connected pairs of 
transistors, T45-T3g and Ta9-Ty3. These 
transistors have a highly linear transfer 
characteristic and provide a direct-cur- 
rent amplification that remains virtu- 
ally constant for currents up to 7 A. 

Like the output transistors, the dri- 
ver stages need to remain within their 
safe operating area (SOA), which 
necessitates a threefold parallel net- 
work. The transistors used in the dri- 
ver stages are fast types 
(f= 200 MHz). 

Setting the bias voltage for the req- 
uisite quiescent current is accom- 
plished by balanced transistors Tz; and 
Tog. These transistors are mounted on 
the same heat sink as the output tran- 
sistors and driver transistors to ensure 
good thermal coupling and current 
control. Of course, the current rises 
during full drive conditions, but drops 
again to its nominal level when the 
amplifier cools off. The quiescent cur- 
rent is set to 200 mA with potentiome- 
ter P3. 

Owing to the large output current, 
the connection between amplifier out- 
put and loudspeaker is not arranged 
via a single relay, but via three. Two of 
these, Re3—Rey, are controlled in syn- 
chrony by the protection circuits. 
When they are deenergized, their dis- 
abling action is delayed slightly to give 
the contacts of the third relay, Rez, time 
to open, which is of importance in a 
fault situation. 

Input relay Re, is switched off in 
synchrony with Re, to ensure that 
there is no input signal by the time Rey 
and Re, are deenergized. 

Optoisolator IC; serves as sensor for 
the current protection circuits. The 
light-emitting diode in it monitors the 
voltage across Ryg—-Rs3 via potential 
divider Rys—Rys, so that the positive as 
well as the negative output currents 
are guarded. The use of an optoisola- 
tor prevents earth loops and obviates 
compensation of the +70 V common- 
mode voltage. The +5 V supply for the 
optoisolator is derived from the pro- 
tection circuits. 


Feedback 
The feedback loop runs from the out- 
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put of the power stages to the junction 
of T; and Ty via resistors Ryg and Rj. 
This is current feedback because the 
current through T, and T, depends on 
the potential across Rg, which is deter- 
mined largely by the current through 
Ryg and Rj1. The overall voltage ampli- 
fication of the output amplifier is deter- 
mined by the ratio Rg:(Ryg+R44). 


Compensation 

Capacitors C3-Cs and resistors Ryg, Ry7 
form part of the compensation net- 
work required for stable operation. 

Low-pass filter R,-C) at the input is 
essential to prevent fast, that is, high- 
frequency, signals causing distortion. 
This filter is also indispensable for sta- 
bility’s sake. 

Coupling capacitor C, is needed 
because the available offset compensa- 
tion network merely redresses the bias 
current of the input buffers and is not 
intended to block any direct voltages at 
the input. 

Relay Re, at the input enables the 
input signal to be ‘switched off’. It 
forms part of the overall protection 
and in particular safeguards the input 
section against overdrive. The overall 
protection circuit will be discussed in 
detail next month, 

Network Ro-P is intended specifi- 
cally for adjusting the common-mode 
suppression when two amplifiers are 
used in a bridge arrangement. It is 
needed for only one of these ampli- 
fiers, and may be interconnected or 
disabled by jumper JP; as needed, 


Offset compensation is provided by 
integrator IC), which ensures that if 
there is any direct voltage at the output 
of the amplifier, the operating point of 
T|-T) is is shifted as needed to keep the 
output at earth potential. The opera- 
tional amplifier (op amp) used draws 
only a tiny current (20 A) and has a 
very small input offset (450 pV). 

Supply voltage for IC; is taken from 
the +15 V line for the input section via 
diodes Dj, and Dj7. This arrangement 
ensures that the supply to the IC is 
retained for a short while after the 
main supply is switched off so that any 
interference is smoothed out. 

Diodes D,4 and Dj; safeguard the 
input of IC, against (too) high input 
voltages in fault conditions. 

The values of resistors R54 and Rs; 
arrange the level of the compensating 
current at not more than 1 yA, which is 
sufficient to nullify the difference 
between the base currents of T; and T>. 


Regulation 
Although current feedback has many 
advantages, it also has a serious draw- 
back: poor supply voltage suppression. 
This makes it essential for the supply 
voltage for the voltage amplifier to be 
regulated. In view of the requisite high 
symmetrical potential and the fact that 
the unregulated voltage that serves as 
input voltage can vary substantially 
under the influence of the amplifier 
load, two discrete low-drop regulators, 
T43-T4y7 and Tyg-Ts are used, 

As mentioned before, owing to 


Current-feedback 


In an amplifier using voltage feedback (Figure a), the differential voltage at its inputs is multiplied by the open-loop 
amplification. The feedback loop forces the output voltage to a level that, divided by network R-Ro, is equal to the 


input voltage. 


inevitable losses through potential 
drops, the supply voltage for the input 
section and cascode amplifiers needs to 
be higher than the main +70 V line. 
Furthermore, the input voltage to the 
regulators must be higher than the 
wanted output voltage to ensure effec- 
tive regulation. 

Fortunately, the current drawn by 
the voltage amplifier is fairly low 
(about 70 mA) so that the input voltage 
to the regulators can be increased with 
a simple auxiliary supply as shown in 
Figure 3. This consists of two small 
mains transformers,two bridge recti- 
fiers, D}-Dy and Ds—Dg, and the neces- 
sary reservoir and buffer capacitors. 

The +15 V output is linked in series 
with the +70 V line to give an unregu- 
lated voltage of +85 V. 

The 39 V reference is provided by 
zener diode Dg. This means that the 
regulator needs to amplify the refer- 
ence voltage x2 to obtain the requisite 
output voltage. 

The zener diode is powered by cur- 
rent source T43, to ensure a stable ref- 
erence, which is additionally buffered 
by C2. 

Differential amplifier Ty5-T4, whose 
operating point is set by current source 
T44, compares the output voltage with 
the reference via potential divider 
Rg3-Rgq-P 4. This shows that the output 
voltage level can be set with P4. 

Transistor T,7 is the output stage of 
the regulator. The output voltage 
remains stable down to 0.2 V below the 
input voltage. 


Whereas an amplifier with voltage feedback has high-impedance inputs, an amplifier with current feedback (Figure 
b) has an high-impedance and a low-impedance input. Its input stage consists of a buffer with unitary gain between 
the inverting and non-inverting inputs. Essentially, the inverting input is the low-impedance input. The buffer is fol- 
lowed by an impedance matching stage that converts the output current of the buffer into a directly proportional out- 


put voltage. 


The current feedback loop operates as follows. When the potential at the non-inverting input rises, the inverting input 
will also rise, resulting in the buffer current flowing through resistor R;. This current, magnified by the impedance 
matching stage, will cause the output 


voltage of the amplifier to rise until the 
output current flowing through resistor Ro 
is equal to the buffer current through R;. 
The correct quiescent output voltage can 
be sustained by a very small buffer cur- 
rent. The closed-loop amplification of the 
circuit is determined by the ratio 


(1+Ro):Ry. 


A interesting property of an amplifier 
with current feedback is that the closed- 
loop bandwidth is all but independent of 
the closed-loop amplification, whereas RI 
that of an amplifier with voltage feedback 
becomes smaller in inverse proportion to 
the closed-loop amplification — a relation 
known as the gain-bandwiath product. 


Uin 
) O 
Vout 
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Resistor R57 and diode Dg protect Ty, 
against high voltage during switch-on, 
while D)) prevents current flowing 
through the regulator in the wrong 
direction. 

Capacitors C3; and C3 enhance the 
rate of operation of the regulator. 

Network Rsg-Cyg-Cag_~— provides 
additional smoothing and r.f. decou- 
pling of the +85 V lines. 


NEXT MONTH 
Next month’s second and concluding 
instalment of this article will describe 
details of the protection circuits, the fan 
control, and the construction of the 
amplifier. The instalment will also 
include detailed specifications and per- 
formance characteristics. 

Pood -1] 


PRODUCT 


New half-inch height 
128-Mbyte SO-DIMM 


Siemens has added 
anew 16M x 64 
Synchronous 
Dynamic Random 
Access memory 
(SDRAM) SO-DIMM 
that incorporates 
128 Mbytes SDRAM 
to its line of 
advanced memory 
modules for note- 
books. 


Following Siemens’ strategy 
for notebooks, this module 
offers 128 Mbytes at a height 
of only one inch, The mini- 
mal height ensures that the 
new module will fit’ into 
upgrade sockets of all up-to- 
date notebooks on the mar- 
ket. The new module is avail- 
able as a one-bank (16Mx4 
based) and as a two-bank ver- 
sion (SM x 8 based) in sample 
quantity. Volume production 
starts in September. 

Such a high memory density 
on a small SO-SIMM foat- 
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print is achieved by a unique 
combination offered only by 
Siemens: the ability to pro- 
duce one of the smallest 64M 
SDRAM chips coupled with 
advanced Chip-On-Board 
technology for assembling 
the modules. These chips can 
be assembled directly on 
printed circuit boards (PCBs) 
and avoid the larger outlines 
of TSOP packaging. Being a 
leader in quarter-micron pro- 
duction technol- 
ogy enables 
Siemens to pro- 
duce the 64M 
SDRAM chip 
based on a ().24- 
micron process. 

Today's note- 
books need this 
high module den- 
sity. On the one 
hand, the trend 
towards smaller 
and lighter note- 
books — requires 
fewer sockets for 
memory modules 
(usually one or 
two) as well as a 
limit of one inch 
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in module height. On the 
other hand, the functional 
features of operating systems 
and software applications are 
increasing, Which is causing a 
tremendous need for more 
memory. Sicmens expects 
that in 1999 the average note- 
book will have 64 Mbytes and 
96 Mbytes by the year 2000. 

These three trends (more 
memory, fewer module sock- 
ets and module height limita- 


lions) create a challenge for 
suppliers of high-density 
memory modules — a chal- 
lenge that Siemens has over- 
come — with its new 
128 Mbytes SO-DIMM. 


Siemens AG, UK P HL., D- 
81617 Miinchen, Germany. 
Internet: 
www.siemens.com/Semicon- 
ductor/index.htm 
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The service provided 
by the circuit 
“described in this arti- 
: cle is known as a 
_ shuttle service (as for 
instance through the 
Channel tunnel 
between England 
and France — named 
Le Shuttle). It 
enables a train to 
2 travel to and fro 
between two stations 
- without the necessity 
_ for a manual instruc- 
_ tion. Compared with 
a number of other 
types of shuttle ser- 
vice, the present one 
has several interest- 
ing advantages. 


GENERAL INTEREST 


auto shuttle service 
for model railway 


From A to B and back 


An important advantage of the pre- 
sent circuit is that it does not require 
a change-over track or platform. The 
point in time when the polarity of the 
drive voltage of the train should be 
reversed is determined by two reed 


Features: 


switches or relays in the track, This 
means that small magnets for operat- 
ing these devices must be fitted 
(glued) to the underside of the loco- 
motives used for shuttling between 
stations A and B. 


v the distance between the two stations may be quite long 


v the duration of the stop-over at each of the stations can be preset 
¥ no run round loop required 

Vv power lines of shuttle circuit and train are isolated 

v weartree electronic change-over of direction of travel 


v standard, inexpensive components are used 


Design by M. Metzner 


y 
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CIRCUIT DESCRIPTION 
To understand the function of the 
shuttle service circuit, imagine a train 
travelling from A to B. The train can 
move only when neither of timers IC>, 
and IC, is set (see Figure 1), This is 
always so when the train is at a stand- 
still at station A or B. Pin 3 of the 
bistable (flip-flop) formed by IC,, and 
ICj, is then logic low (0), whereas 
pin 4 is logic high (1). Pins 6 and 10 of 
IC, are also low, while pins 7 and 9 of 
IC, are high. The inputs of NAND gate 
IC, are high, but its output is low. This 
means that T; conducts whereupon 
the LED in optoisolator IC, lights. 
Power transistors Ty and T; conduct 
and link the drive voltage to the rail 
track. The train is then able to leave 
station A and travel to station B. 

When station B is approached, reed 
switch B closes when the locomotive 
passes over it. This causes bistable IC, 
to change state, whereupon pin 3 of 
IC; goes high, and pin 4, low. This 
results in the input (pin 11) of IC 
being triggered, so that its normal out- 
put (pin 10) goes high at once and the 
inverted output (pin 9), low. The out- 
put of the NAND gate remains high, 
however, for as long as the timer is set. 
During this time, darlingtons T; and 
Tz, as well as the power circuit, T3-Tg, 
remain cut off so that the train cannot 
leave station B. 

When the time set by ICy, has 
elapsed, pin 9 of the timer goes high 
again, whereupon the inputs of NAND 
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gate IC) 4 become high also, the output 
of the gate goes low, and T> conducts 
so that the LED in optoisolator IC; 
lights. Power transistors T3 and T, then 
come on and connect the drive voltage 
with reverse polarity to the rail track. 
The train is then able to leave station 
B and travel to station A. 

When station A is approached, reed 
switch A closes when the locomotive 
Passes over it. This causes bistable IC, 
to change state again, whereupon a 
similar process as described for station 
B ensues. Now, however, timer IC>,, 
which determines how long the train 
stops at station A, is triggered. 

In this manner, the train travels 
continuously between the two stations 
(provided the power is switched on). 
Diodes D, and Dy indicate which of 
the two optoisolators is enabled and 
therefore in which direction the train 
is travelling. When the train is at either 
of the two stations, both LEDs are out. 

Because the inverse trigger inputs 
(pins 5 and 11) of IC; are used, timers 
IC), and ICy, are triggered by the neg- 
ative edges at pins 3 and 4 of IC;. Since 
the timers change state after the set 
time has elapsed, even when the trig- 
ger inputs are low, operational errors 
are prevented. This is particularly 
important to avoid a fast moving loco- 
motive closing the same reed switch 
twice in succession or a slow train 
stopping with the locomotive above 
the reed switch/relay and so keeping 
this closed. 


B40C3300 


IC1 = 4093 
IC2 = 4538 
D3...D6 = 1N4003 


960080-11 


The track voltage is derived from 
the normal railway power supply set 
as required for the track speed. The 
bridge rectifier, Bj, ensures that the 
supply to power transistors T3-Ts is of 
correct polarity at all times, Capacitor 
C; smooths the track voltage and 
short-circuits any spikes on it. 

The supply voltage for the control 
circuit is derived from the normal rail- 
way lighting supply (14 V a.c.) via 
bridge rectifier B, and regulator ICs. 


CONSTRUCTION 

The control circuit is best built on the 
printed-circuit board shown in Fig- 
ure 2. Experienced constructors will 
have no problems in completing the 
board. Those with less experience 
should pay particular attention to the 
polarity of electrolytic capacitors, 
diodes, ICs, bridge rectifiers, and so on. 
Wire bridges also need close attention: 
make sure that these are soldered in 
place before any components are fit- 
ted. 

Although, strictly speaking, power 
transistors T;-T, do not need a heat 
sink during normal operation, it is 
wise to fit them on one to allow for 
any unforeseen events. 

Circuit IC) should preferably be a 
Type 4093, which has high immunity 
to interference, but a Type 4011 (pin 
compatible with a 4093) may also be 
used. 

When the power is switched on for 
the first time to the track and the con- 
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Gy = 1000 uF, 2 V, radial 
Ciy = 1 uh 25.V radial 


Ta.T4 = BOOS 
Teg = BO244 


wi oF reed relay 


Ben 


980080-1 
(C) ELEKTOR 


trol circuit, the timers are set by the 
negative edge at their inverse trigger 
inputs. Therefore, the train will not 
move until the relevant time has 
elapsed; at the first switch-on, this may 
take a little while. 

If the train, on first switch-on, 
moves in the wrong direction and its 
passing over a reed switch has no 
effect, the polarity of the track voltage 
must be reversed. 

Because the circuit is controlled via 
two reed switches or relays as opposed 


a 


to via an isolating track, small magnets 
may be fitted (glued) underneath the 
last carriage instead of the locomotive. 
This enables the train to be fairly long 
while retaining the same distance 
between the front or rear of the train 
and the terminals of the shuttle track. 


[OBO] 


See also ‘Shuttle Track’ in the July/August 
1996 issue of this magazine. 
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No. 274 FEBRUARY 1999 


Auto shuttle for model railway 
ga0080-1 PCB 
Com-Watch 
990013-1 PCB 
986035-1 disk 
990013-C Set PCB + 986035-1 
Data Logger for OMM 
930024-C Set: PCB + 986522-1 
990024-1 PCB 
986522-1 EPROM 
General-coverage receiver 
986517-1 PIC16F84 
980084-C Set: PCB + 986517-1 
980084-1 PCB 
Wave File Player 
990015-1 PCB 
996006-1 disk. source code file 
996505-1 AT90$2313 


Wo. 273 JANUARY 1999 


Conductance Tester 
980104-1 PCB 
Home Alarm System 
980091-1 PCB 
986028-1 disk, Source code file 
986519-1 PIC 16F84 only 
Multiburst Generator 
986520-1 XC9536 CPLD only 
980095-1 PCB 
986029-1 disk. source code file 


Wo. 272 DECEMBER 1998 


32-Channel PC Controlled Light Dimmer 
$B0076-T PCB 
986033-1 disk, source code file 
986524-1 AT90S23 only 
986025-1 disk, PC control program 
Battery Capacity Measurement by PC 
986034-1 disk 
12C Temperature Sensor 
984021-1 PCB 
Joystick & MIDI Interface for Soundblaster Cards 
9$82090-1 PCB 
LED Barometer 
984061-1 PCB 
RF Signal Generator 
980053-2 PCB only, attenuator 
980053-C Set: 4 PCB's + 986515-1 
986515-1 AT89C51 only 
980053-3 PCB only, contral 
980053-1 PCB only, VFO/PLL 
980053-4 PCB anly, power supply 


No. 271 NOVEMBER 1998 


A Compact Display Controller 
986521-1 AT9NS1200 only 


986030-t disk only 
980096-C set: 986030-1 + 986521-1 
Barometer/Altimeter 


980097-C set; PCB + 986031-1 
986031 -1 disk only 
9B0097-1 PCB only 
Master/Slave Switch Deluxe 
982063-1 PCH 
PC Control for MiniDisk Player 
980092-C set: PCB + 986516-1 
986516-1 ATS9C201 
980092-1 PCB only 
Smartcard-Operated Code Lock 
980061-1 PCB only 
98651 1-1 PIC anly 
980061-C set: PCB + 986511-1 


No. 270 OCTOBER 1998 

418/433 MHz Fieldstrength Meter 
980083-1 PCB 

AVR-RISC Evaluation System 
980082-0 set; PCB + 986020-1 
980082-1 PCB only 
986020-1 disk only 

Digital Clipping Indicator 
980072-1 PCB 

Refrigerator Economizer 
980052-1 PCB 

Rev Counter with LEDs 
980077-1 PCB 

Versatile Control System PLC87(A) 
986513-1 87C51 (digital version) 
986026-1 disk anly 
980066-1 PCS anly 
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US$ 


20.00 


15.50 
30.00 
42.00 


39.50 
23,00 
20.00 


38.00 
68.00 
33.50 


19.00 
40.00 
27.50 


20.50 


14.50 
14.00 
34.00 


30,00 
11,00 
14,00 


22.50 
10.00 
26,50 
15.50 


10.00 


14.50 


13.50 


21,50 


22.00 
131.50 
44.50 
28.50 
25.00 
24.00 


27.50 
20.50 
45.00 


30.00 
10.00 
23.50 


19.50 


45.00 
33.50 
14.50 


16.50 
37,50 
50.50 


12.50 


29.00 
16.50 
16.00 


14.00 


20.00 


17,50 


44.50 
17.50 
23.50 


Printed-cirqult. boards {PCBs}, self-adhesive front pane! 
foils, ROMS, EPROMs, PALS. GALS. microcontrollers and 
diskettes. for: projects: which: have: appeared - in: Elektor 
Electronics maybe ordered using the Order Form printed 
Opposite. The form may also be used to arder-baoks (pri- 
vate. customers only). 


» The artwork for making-a PCB which is not. avaliable 
ready-made through the Readers Services may be found 
in the relevant article, 


» EPROMs, GALS) PALs, (E)PLDs, MACHs, PICs and other 
microcontrollers are supplied ready-programmad, 


Prices and item descriptions subject to change. The: pub- 
iishers resetve the right to change prices: without prior not- 
fication. Prices and item descriptions shown here super- 
sede those in previous issues. E&OE 


986514-1 870550 (analogue version) 


No. 269 SEPTEMBER 1998 

418/433MHz Control System 
980063-2 Receiver PCB only 
980063-1 Transmitter PCB only 
980063-C set: PCBs (-1 + -2) 

Active Magnetic Antennas 
980062-1 PCB 

Experimental Power Supply for PCs 
980057-T PCB 

Multiple Test Card for Microcontrollers 
980074-1 PCB 


No. 268 JULY & AUGUST 1998 
100-watt Single-IC Amplifier 
984062-1 PCB 
Automatic Air Humidifier 
984087-1 PCB 
Berlin Clock 
986508-1 PIC only 
986016-1 disk only 
Centronics In-System Programmer Disk only 
986023-1 disk only 
Doorbell-Controlled Burglar Deterrent Light 
984029-1 PCB 
Electronic Spirit-Level 
984038-1 PCB 
Extension Board for MatchBox BASIC Computer 
984028-1 PCB 
LEO Barometer 
984061-1 PCB 
Low-Cost Development System for PICs 
984060-1 PCB 
Mains Master/Slave Control Mk2 
984052-1 PCB 
Maintenance Charger 
970092-1 PCB 
PIC16C84 Programmer for Centronics Port 
984036-1 PCB 
RCS Remote Control Extension 
970047-1 PCB 
Simple Copybit Killer 
976516-1 EPROM only 
970069-C set: PCB + 976516-1 
970069-1 PCB only 
Simple Infra-Red Transmitter 
984049-1 PCB 


No. 267 JUNE 1998 


Liquid-Level Gauge 
970056-C set: 976015-1 + 976515-1 
976515-1 $162T20 only 
976015-1 Disk only (source code) 
PIC & AVR Programmer 
980049-C set: PCB + 986509-1 + 986019-1 
986019-1 disk only 
980049-1 PCB only 
986509-1 PIC anty 
RS$232 Controlled 8-Channel Switch 
986015-1 Disk only (¥B3 program) 


No. 266 MAY 1998 
DCF-controlled LED Clock 
986505-1 89C1D51 only 
Fibre-Optic Data Communication 
980042-1 PCB 
Monitor/TV Refresh Rate Meter 


980040-1 PCB only 
986510-1 AT90S1200 only 
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8:25 16.50 
7:50 15.00 
13-00 26.00 
8:50 17.00 
11-50 23.00 
17-50 35.00 
7-50 15.00 
775 15.50 
15:25 30.50 
7-25 14.50 
5-00 10,00 
9-00 18,00 
725 14.50 
9-75 19.50 
10-75 21.60 
14:25 28.50 
9:25 18.50 
6:50 13.00 
8:25 16.50 
775 15.50 
15:75 31,50 
24-75 49,50 
10-7 21.50 
7-25 14.50 
19:00 38.00 
15-75 31.50 
5-00 40.00 
33:25 66.50 
875 17.50 
12:25 24.50 
15:25 30.50 
650 13.00 
14-00 28.00 
7-00 14,00 
10-00 20.00 
7:50 15.00 


PICXEX Operating System for PICs 
986017-1 disk only 


No. 265 APRIL 1998 

20-metre CW/SSB Receiver 
9B0D36-1 PCB 

Electric Fieldstrength Meter 
980039-1 PCB 

Mains Filter with Overvoltage Protection 
982032-1 PCB 

PC-Aided BJTTester Revisited 
986005-1 disk only 
g9p0022-C set: PCB + 986005-1 


No. 264 MARCH 1998 


80032 BASIC Computer 
980002-1 Main board 
980002-2 Extension board 
986503-1 EPROM 
986007-1 Disk 
Balanced/Unbalanced Converters tor Audio Signals 
980026-1 PCB 
Data Acquisition System 
986504-1 AT89C52 controller 


986013-1 Disk {source code files) 
IC Tester 
986014-1 disk only 
9865071 EPROM anty 
986506-1 GAL only 
980029-C set: PCB + 986506-1 + 986507-1 + 986014-1 
980029-1 PCB only 
Variable Power Supply 
980024-1 PCB 
No. 263 FEBRUARY 1998 
AVC tor PCs 


980023-1 PCB 

Frequency Display & VFO Stabilizer 
986006-1 disk only 
980004-1 PCB only 
986502-1 PIC only 

Functional Trinket 
980025-1 PCB 

Light Intensity Measurement with a PC 
9a6002-1 disk only 


No. 262 JANUARY 1998 


Electronic Die 
980021-1 PCB 

Portable Sound Pressure Meter 
970085-1 PCB 

Stereo Microphone Input Adaptor for PC 
ga0007-1 PCB 


No. 261 DECEMBER 1997 


Handyman/AT90$1200 Programmer 
976017-1 Gisk only 
970090-1 shuttle PCB only 
970090-C set: PCBs [-1 + -2} + 976017-1 
g7po90-2 Docking station PCB only 
PIC Controlled Light Barrier 
976503-1 PIC only 
Running Lights for Christmas 
970086-C set: PCB + 976517-1 
976517-1 8751 only 
Smartcard Reader/Writer 
97B014-1 disk only 
976512-1 PIC16C84 only 
g70068-C set: PCB + 976014-1 + 976512-1 


No. 260 NOVEMBER 1997 

Hygrometer 
970065-1 PCB 

PC as 4-channel Logic Analyser 
976012-1 disk only 

Stereo Microphone Amplifier 
970083-1 PCB 

Video Copy Processor 
970066-C set: PCB + 976514-1 
976514-1 EPM7032 only 


No. 259 OCTOBER 1997 
12-bit ADC Interface 
97601 t-1 Disk only (also for CPU Thermometer) 
970060-C set: PCB + 976011-1 
4-Way Serial Port Switch 
970057-1 PCB 
OC Nullifier for Oscilloscope Input 
976513-1 PZ5032 CPLD chip 
976016-1 disk only 
970063-1 PCB 
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Directional Microphone 
970079-1 PCB 
Frequency Meter and Event Counter Module 


970077-C set: PCB + 976505-1 
976505-1 PIC only 

infra-red-Controlled Noise-less Volume Control 
970064-1 PCB 


No. 258 SEPTEMBER 1997 
Centronics Relay Card 

970053-1 PCB 
Chipcard Reader/Programmer 

976010-1 disk only 

970050-C set: PCB + 976010-1 
Data Acquisition System 

956010-1 disk only 

956510-1 EPROM only 

970059-C set: PCB + 956510-1 + 956010-1 
Dual Continuity Tester 

970020-1 PCB 


No. 256/257 JULY/AUGUST 1997 
Digital Tester 
974012-1 PCB 
LM2574 Switch-Mode Power Supply 
974024-1 PCB 
RGB Video Amplifier 
974042-1 PCB 
Selective Door Chime 
974025-1 PCB 
Yamaha DB50XG Stand-Alone Soundcard 
974100-1 PCB 


No. 255 JUNE 1997 
800537 Microcontroller Board 


976008-1 Monitor doc file on Disk 
970048-C set: PCB + 976510-1 + 976511-1 + 976008-1 
976510-1 EPROM only 
976511-1 GAL only 
Car Battery Monitor 


970025-1 PCB 


Mini PIC Programmer and Mini Programmer for Serial EEPROMs 


976007-1 PIPO2 software on disk 
Multi-Purpose LCD with 68HC11 
976009-1 control program on disk 
Remote Control by Telephone 
976005-1 disk only 


No, 254 MAY 1997 
Advanced LCR Meter 
970028-C set: PCB + 976506-1 + 9765D7-1 
976506-1 GAL22V10 
976507-1 EPROM 27C512 
970028-F Front panel foil 


Compact Power Amplifier 

970043-1 PCB 
Long-Distance IrDA Link 

976508-1 8902051 only 

970041-C set: PCB + 976508-1 
Wideband Millivalt Meter 

970021-1 PCB 


No. 253 APRIL 1997 
uP-Controlled Mixer Board 


970037-C set: PCB + 976502-t 
976502-1 ST62T25B only 
97 6006-1 Software on floppy (AD) 


970037-1 PCBonly 
Digital Thermostat 

966501-1 PIC16C54 only 
General-Purpose Power Supply 

970036-1 PCB 
Opto-to-Coaxial Audio Converter 


970031-1 PCB 
PiC-controtled Home Alarm Sytem 

976501-1 PIC16C84 only 

970022-C set: PCB + 976501-1 


No. 252 MARCH 1997 


Battery-Operated AF Signal Generator 
970003-1 PCB 


EPROM Programmer 
970010-+ PCB 


No. 251 FEBRUARY 1997 


68HC11 Emulator 
970008-C set: PCB + 976002-1 
976002-1 Diskette only 
Batiery-Powered Preamplifier 
960094-1 PCB 


Elektor Electronics 


16.50 


68,50 
51,00 


22.00 


22.50 


17,00 
27.00 


17.50 
24,50 
66.00 


15,00 


26.50 
15.00 
24.50 
17.00 


29.50 


16,00 
116,00 
28,00 
29.50 


33.00 
11,00 
22.50 


17.50 


125.00 
53.00 
15.50 
27.00 


39.50 


35.00 
50,50 


43.00 


65.50 
49.00 
12.00 
20.50 


45.00 
17.00 
14,00 


47,00 
61.00 


20.00 


31.50 


56.00 
22.50 


68,50 
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We make our programmers 
work harder 


FEATURES 
@ Supports EPROMs, EEPROMs, Flash, 
Serial PROMs, BPROMs, PSDs, PALs, 
GALs, PEELs, MACH, MAX, EPLDs, and 
over 200 Microcontrollers including 
87C48/51, 89C51/52, PIC, 
MC705/711, ST6, Z86, COP etc. 


@ Hands free programming so you can 
produce batches of the same chip 
without pressing a key 


@ Correct programming and verification 
at 1.8, 2.7, 3.3 and 5V 


@ Serial number mode supports 
date/time stamping, unique IDs 


@ Progress indicator shows number of 
devices programmed 


@ No adapters required for DIL parts 
upto 48-pins. Universal adapters for 
44-pin PLCC, 44-pin PSOP and 48-pin 
TSOP parts 


@ Programmes and verifies Intel 
28F 400 in under 15 seconds 


@ Connects to parallel port - no PC 
cards needed 


@ Tests 7400, 4000, DRAM and SRAM 
@ Mains or battery operation 


@ FREE software device support 
upgrades via bulletin board and www 


MICROMASTER 


Lv48 


NEW Windows ‘95™ 

Software provides the 

best user interface on 
the market 


NEW - Hands free 


programming 


SINGLE SOCKET PROGRAMMER 


48-pin universal 
programmer 


Programming Speeds 
e fastest in the 
business: 28FO08 
in 29 sec 


EMULATOR OPTIONS 
FOR ALL PC BASED PROGRAMMERS 


SPEEDMASTER GLV32 £695 


SPEEDMASTER/ 
MICROMASTER 


40-pin programmer range 
(see website or cail for 
mode! details) 


+ 


EPMASTER LV 


40-pin EPROM/Flash 
programmer 


128kx8 ROM/RAM 
emulator with modify on 
the fly feature Upgradable 
to 512x8 


LVECEMUL8 


128x16 ROM/RAM 
emulator with modify on 


LVECEMUL16 


LV40 PORTABLE 


LV40 PORTABLE £995 


As Micromaster LV, plus 
complet able with 
built in keypad and 
LCD display. 


the fly feature Upgradable 
to 512x16 


All orices exctude VAT and delivery 


£125 |__ 


ss 


PROGRAMMER MODELS AND PRICES 


ppooramming, Emulation, Testing 
In one easy to use application, 


Full support for device-specif 
features Svice-specific 


Store your favourite Projects... 


48-pin Universal Programmer 


STILL ONLY ! 


GANG PROGRAMMERS 


SPEEDMASTER 
GLV32 


8-way 32-pin 
EPROM/Flash Gang/Set 
programmer 


SPEEDMASTER 
GLVCOP 


— 


8-way 40-pin gang 
programmer for Nationa’ 
Semiconductor COP 
micros 


oar 


SOCKET 
ADAPTERS 


Full range of adapters for 
PLCC, SOIC, TSOP, PSOP 
etc. 


See for yourself - download a demo from our Website at wwwicetech.com 
ORDER NOW - ALL PRODUCTS IN STOCK. CREDIT CARD ORDERS: 01226 767404 


For a copy of our catalogue giving full details of programmers, emulators, erasers and adapters, call, fax or e-mail us. 
You cam also access our BBS or Home page. Al our products are in stock now for next day delivery - call our credit card hotline now. 


ICE Technology Ltd. Penistone Court, Sheffield Road, Penistone, Sheffield, UK $36 6HP 
Tel: +44 (0)1226 767404 Fax: +44 (0)1226 370434 BBS: +44 (0)1226 761181 (14400, 8N!) 
Web: www.icetech.com. Email: sales@icetech.com 
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